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REPORT ON IRRIGATION AND DRAINAGE 
INVESTIGATIONS DURING 1905-1906. 
. By W. W. McLaughlin. ~ 
INTRODUCTION. 
A general plan for the scientific investigation of the laws 
governing plant production as influenced by the application of 
irrigation water, was outlined in 1900 by Dr. John A. \iVidtsoe 
as Director of the Utah Experiment Station. The detailed p'lans 
were prepared by the heads of the Chemical, Agronomy and Irri-
gtion Department, under whose cooperation the work was to 
be carried on. In 1903 the Office of Experiment Stations of the 
U. S. Department of Agriculture, by contributing funds to this 
work, became a party to the ex:periments. Since then the investi-
gations have been under the joint supervision of the State and 
Federal governments. In the spring of 1906, the State Engineer,. 
Hon. Caleb Tanner, became a party to the irrigation work in 
Morgan and Weber counties. . 
During the season of 1904 the Drainage Expert of the Office 
of Experiment Stations and the Irrigation Engineer of the State 
Station made investigations upon the requirements for drainage 
throughout Utah, and during the same fall installed a drainage 
experiment in Cache County. As a result of the investigations 
and the favorable outlook for the . drainage work instituted, it 
was decided to undertake drainage experiments in addition t? ir-
rigation work. During the past two years drainage has been an 
important part of the investigations of the Experiment Statiqn. 
The pres·ent bulletin reports the 'investigations in irrigation 
carried on in different sections of the State other than at Logan 
and the results of the drainage investigations. The plans for t his 
work were outlined for 1905 by John A. Widtsoe and W. W . Mc-
Lauglin of the Sate Station , E lwood Mead and C. E. Ell iott o{ 
the Office of Experiment Stations. The plans for 1906 were out-
lined by the Director and Irrigation Engineer of the Station, and 
the State Engineer, representing the State ; the Chief of Irriga-
tion and Drainage Investigations, and the Drainage Engineer 
representing the U. S. Department of Agriculture. The field 
work in Irrigation and drainao-e was cond~cted in 1905 by E. R. 
Morgan and C. F. ' Brown respectively. In 1906 the work in ir-
rigation was under the direction of W. W. McLaughlin assisted 
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by S. M. Kershaw, while C. F. Brown had charge of the 
drainage work. Reports of the irrigation work were prepared by 
W. W. McLaughlin and E. R. Morgan, assisted by S. M. Ker-
shaw, while C. E. Elliott and C. F. Brown prepared the report of 
drainage experiments. 
The Utah Legislature of 1905, in providing additional work 
in irrigation and drainage under the direction of the Agricultural 
Experiment Station of the Agricultural College of Utah, passed 
the following bill : 
"INVESTIGATION OF· USE ·OF IRRIGATIO~ WATER 
AND THE RECLAMATION OF ALKALI L A NDS. A a 
Act providing for the investigation of the proper use of irri-
gation water, and the reclamation of alkali lands. 
Section 1. BE IT ENACTED BY THE LEGISLATURE 
OF THE STATE OF UTAH: . That the Agricultural Experi-
ment Station of the Agricultural College be authorized and is 
hereby directed to conduct experiments and demonstrations on 
the proper use of irrigation water and the reclamation of alkali 
and water-logged lands in cooperation with the irrigation investi·· 
gations of the Office of Experiment Stations of the United States 
Department of Agriculture .. 
Sec. 2. EXPERIMENTS IN IRRIGATION: RECLAMA-
TION ALKALI LANDS: The experiments and demol?-strations 
herein provided for shall include the investigation of water re-
quirements of the crops ordinarily grown inUtah ; the" amount of 
water needed by the crops; the right time to apply the water; 
the best manner of its application; the influence of various 
methods of irrigation upon the quality of the crops produced ; the 
irrigation requirements of the soils and subsoils of Utah; the 
relation of irrigation to the accumulation of alkali ; the alkali and 
water-logged lands of Utah with reference to their reclamation; 
the possibility of reclaiming alkali lands by under-drainage and 
other means; together with such other investigations as have 
in view the economical use of irrigation water and the reclama-
tion of alkali and water-logged lands. 
" Sec. 3. H OW EXECUTED: The work to be done under 
. this act shall be planned and executed jointly by the Utah Ex-
periment Station and the Office of Experiment Statio~s of the 
Department of Agricult~re. 
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Sec. 4. REPORTS: The full reports of the results ob·· 
tained shall be published annually, in editions of not less than 
6 ,000 copies for free distribution among the farmers of the State. 
Sec. 5. PROPOSITION U. S. DEPARTMENT OF AGRI-
CULTURE. ACCEPTED: The State of Utah accepts the propo-
sition made by the Irrigation Investigations of the U. S. Depart-
ment of Agriculture, namely, that the State of Uah appropriate 
$5,000.00 annually for the years 1905 and 1906 towards' defraying 
the expenses of conducting the investigations outlined in Sec. 2 
provided, the Irrigation and Drainage Investigations of the 
United States Department of Agriculture appropriate a like 
amount for this purpose. 
Sec. 6. APPROPRIATION: That for the purpose of car-
rying out the provisions of this Act, $10,000 be appropriated from 
any moneys in the State Treasury not otherwise appropriated. 
Sec. 7. This act shall take effect upon approval. 
Approved this 21st day of February, 1905. 
In accordance with this act ther e was planned in the spring 
of 1905, irrigation work at Logan for the purpose of studying the 
fundamental relation of irrigation water to crop production, with 
a view of determining the quantity of water necessary to secure 
the greatest yield, the time and method of its application and 
the effect upon the crop of different methods of cultivation. 1 t 
is the most economic use, the greatest value of a given amount 
of water that is the ultimate object, rather than the maximum 
production value per unit of area, hence there must be determined 
for each crop the time when the application of additional water 
becomes unprofitable. It is not thought sufficient that the final re-
cults merely, as to the quantity and quality of the crops be obtain-
ed, but also the effect of the application of water upon the crop 
throughout its growth. For this purpose certain plats were set 
aside and samples of the crops taken at short intervals during the 
growing season for chemical analysis. In this way th e relative ef-
fect of large and small amounts of water, and of different methods 
and time of application would be determined and data secured on 
the question as to what stage in the growth of the crop the ap-
plication of water is most effective: 
The results of tests of previous years show that some of 
the water of a heavy irrigation may pass down beyond the reach 
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of the plant roots, and to study the action of the irrigation water 
in the soil, soil samples were taken in foot sections to a depth of 
eight to ten feet, and the moisture of these samples determined. 
Realizing that differences in soil and climatic conditions 
modify to some extent, certain features in the results obtained., 
it was concluded that the only practical way to determine the 
influence of these varied conditions was to inaugurate in differ-
ent parts of . the State a series of experiments, having as 1-
foundation the results obtained in Logan. For this purpose sup-
plementary irrigation tests were carried on in Sevier, Sanpete. 
Tooele, Juab, Salt Lake, VI eber, Millard, Box Elder and Morgau 
counties. 
The work of 1905 emphazised the fact that the average prac-
tice throughout the State is a wasteful use of irrigation water, 
and it was thought advisable to obtain additional information 
upon the amount of water actually used by the farmers und~r 
their methods of irrigation. The State Engineer's office desil ~d 
to obtain such information in relation to work on the \VeDer 
River System and therefore proposed cooperatiQn with the Dc · 
partment of Agriculture and the Utah Experiment Station to 
study the usage of water in the vicinity of Ogden and Morgan. 
In 1906 the State Engineer set aside a sum of money equal 
in amount to that set aside jointly by the Utah Experiment Sta-
tion and the U. S. Department of Agriculture to carryon ob-
servations in this locality of the practical usage of water and ex-
periments similar to those instituted in other parts of the Stat~ . 
Closely associated with the question of the amount of water 
to apply to crops is the method of its application. In some sec -
tions of the. State under practically identical soil conditions, one 
farmer contends that flooding is the only method, while his 
neighbor insists that furrow irrigation is the method to be em-
ployed. The character of the soil and the nature of the crop 
should be considered in selecting the method, but to what extent 
they should influence in determining the method is not definitely 
known. 
It is conceded that thorough and frequent cutilvation con·-
serves soil moisture and results in a great saving of water ap-
plied by irrigation, but the information as to the best method~ 
of cultivation and depth to which the soil should be cultivated is 
so meager as to warrant thorough investigation. As far as prac-
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ticable this feature has been incorporated in the outside irriga-
tion work. 
Observations on the actual usage of water brought out very 
dearly the fact that the area of land that could be served by a 
given quantity of water depends to a considerable extent on thp. 
methods em'ployed in the management of the canal, including the 
methods of distribution. During the present year a beginning 
has been made in a study of the various systems of canal opera-
tion in use throughout the State and as was to be expect ed, a 
few good practices with considerably more bad practices wer,~ 
found to exist. 
Very recently a few experiments have been carried on in va-
rious Western States with a view of detennining the value of 
""Winter Irrigation," and the Utah Experiment Station has un-
dertaken this work in as far as funds will permit'. There is but 
little question that using irrigation water on the non-irrigated 
lands during the months of October and November and the early 
spring months when there is a surplus, would greatly ~xtend our 
-cultivated area and prove at a very slight additional expense a 
more profitable an d safer way of farming than the so-called 
"'Dry Farming." 
There are but meager data available on the irrigation of 
vegetables, fruit trees, vines, etc., and it is certainly time that 
-some investigations were undertaken in Utah on the application 
of water to these products. In connection with the work of the 
Central Experiment Farm, under the direction of the Experiment 
Station, irrigation investigations are planned to include variou") 
horticultural crops. , 
I t is the aim in all of this work to secure sufficient informa-
tion to form a basis for the application of scientific principles i~: 
-irrigated agriculture. It is thought advisable to not include 
t oo many problems of irrigation but to do the work so thoroughly 
t hat no question can ari se as to the reliability of the results. 
T he U. S. Reclamation Service under its vast reclamation 
'project is now endeavoring to obtain all the practical and scien-
tific information that it is possible to obtain on th e relation ex,· 
-i sting between water, soils and crops. 
N ew canal and ditch organizations as well as the Reclama· 
tion Service must assign to the land some amount of water which 
is thought sufficient to produce profitable crops, and in the ab-
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sence of accurate information there is but one chance in a thou-
sand that the proper amount of water will be alloted . . In case 
lhe water is too little, there is a loss to the farmer, and if too 
much water there will result a deterioration of the soil fertility , 
and a liabiltiy to water-logged and alkali land. 
Within the borders of Utah there is under construction one 
large Government Reclamation project, namely, the Strawberry' 
Valley project, and thousands of acres of land will soon be de-
claimed by private enterprises in Uinta, Millard and other coun-
ties. Most of these lands contain alkali and in some sections the 
soil is very difficult to handle. Too copious irrigation will bring 
the alkali to the surface and in low lying ' sections will result iT} 
alkali water-logged lands. Many of these lands will be settled 
with people unacquainted with irrigation practices and it is the 
duty of the State and Federal Governments to furnish such prac-
tical information as will enable the new settler to successfully 
cope with these problems. It require,S numerous experiments and 
much time to determine the amount of water necessary to pro-
duce the most profitable crops. Such investigations involve con-
siderable expense which the individual farmer is not prepared to 
meet, and even if he were able to take care of the financial part of 
the investigations, he has not the time at his disposal to under-
take systematic investigations. Further, if these investigations 
were undertaken and successfully completed by an individual in 
any section, they probably would not be made public and cer-
tainly would not be applicable to sections differing, in soil and 
climate. The judicious use of irrigation water will greatly en-
large the present irrigated area of the State, resulting in increased 
wealth,' and would also prevent to a large extent, the increase 
of our now vast area of water-logged and alkali lands. 
The drainage of western lands invclves practices entirely dif-
ferent from those of a humid section, and as yet but little informa-
tion is obtainable on the principles underlying the reclamation of 
western lands by drainage. Each State and each section within 
the State has its own peculiar conditions necessitating drainage 
plans differing very materially from those adapted to another sec-
tion. These investigations are rather more hazardous than irriga-
,tion work in that if the drainage is not successful no revenue is 
forthcoming, while even with a poor system of irrigation, some 
financial return i realized. In all of our older irrigated sections 
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th ere is a need for drainage and particularly for the reclamation 
of those lands which, in early ' days, produced most abundantly, 
but today are practically unproductive. 
By proper methods of irrigation and drainage it has been 
estimated · that Utah's agricultural area could be increased with 
the present water supply at least one-half. This would mean 
considerable wealth to the State and the increased revenue would 
compensate many times for the money required to conduct the 
necessary experiments. . 
In view of the above facts, and further, that the Office of 
Experiment Stations of the U. S. Department of Agriculture is 
willing to continue its p resent cooper.ative relations, thus p~ovid­
ing for the expenditure of two dollars within the State for each 
one dollar expended by the State, it would see'm that Utah would 
be making a wise investment to continue the Irrigation and 
Drainage Investigations as carried on during the past six years 
under the direction of the Utah Experiment Stai:ion. 
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rRRIGATI ON INVESTIGATIONS I 1905. 
By E. R. Morgan 
INVESTIGATIONS IN SEviER COUNTY. 
'The investigations were made at Richfield in cooperation 
with Mr. P. C. Poulson, on what is known as' the old Chris Poul-
son farm. The experimental tract is situated about 20 miles 
south of Richfield. 
Soil. 
There are three perhaps principal types of soil in this locality, 
viz., an alluvial soil containing some alkali, a mixture of sand an,! 
clay and a compact clay. A considerable amount of clay area 
needs' drainage, but the farm under observation lies near the line 
between the second and third types of soil and is typical of a large 
area of land. 
Crops and Climate. 
The principal crops grown in this vicinity are wheat, oats, 
ba,rley, alfalfa and alfalfa seed. Some of the hardier fruits are 
produced in limited quantities. Several efforts have been made to 
grow sugar beets, but thus far they have resulted in a partial fail · 
ure. However, this probably is due to beet blight, worms, whit~ 
flies and a lack of experience upon the part of the farmer in sugar 
beet culture rather .than any defect of the soil or climatic condl-
tion. The precipitation in this locali,ty is light. 
The Plats. 
There were approximately 70 acr'es of land seeded to alfalf.a 
included in the experimental tract, 40 acres of which were div .. 
ided into six plats. These produced alfalfa hay . The remainer 
of the. tract was' divided into six plats which produced alfalf~ 
seed. 
The ditch which carried the water to the field was provided 
with a headgate and a measuring weir. The field was divided into 
two rows of plats, each of which was provided with a supply 
ditch . Between the bottom of the first row of plats and the sup-
ply ditch for the second row, also along the bottom of the second 
row of plats, were ditches provided for the purpose of carrying 
the waste water from each plat to a measuring weir at the bottom 
of the field. 
mRIGATION AND DRAINAGE INVES'rIGATIONS, 1905-1906. 57 
Alfalfa Hay. 
The following is a plan of the proposed irrigations for the 
alfalfa hay plats: 
Plat No. 1.-Check plat-To be irrigated as farmer chooses. 
Plat No.2-To be irrigated just before cutting first and 
second crops. 
Plat No. 3.-Same as plat No.2, but to receive twice as much 
water at each irrigation. 
Plat No. 4.-Same as plat No.2 but to receive one-half as 
much water at each irrigation. 
Plat No. 5.-To be irrigated two weeks and one week befor(~ 
cutting first and second crops respectively. 
Plat No. 6.-To be irrigated just before cutting first, second 
and third crops respectively. 
Note: All plats to be irrigated by the furrow method. 
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Table showing number of plats, date of irrigations, amount~ 
of water applied over entire area of plats in inches, and the 
amounts retained in inches, dates of harvesting crops, the yielcl 
in tons per acre and in tons per acre foot of water applied. 
RICHFIELD PLATS-ALFALFA HAY. 
Irrigation Test, ' 1905~ 
, .. I I I May 26.. 4.94 0 . 35 4.,,9 June 29"'1 I 
1 
June 11 .. 2.30 0.11 2.19Aug.28 .. . 
1 July 6 ... 5.35 0.20 5.15 Oct. 14 ... 1 I 
I Aug. 10.. 5.08 0.09 4.99 Oct. 14"'1 : 
I Sept. 5.. 5.08 0.22! 4.86 I 
I 1-1-1-- 1 1 I 'I 22.75 0. 971 21.78 . 8. 23 1 4.54-
2 1 June 21... 4.87 0.381 4.49 -Ju-n-e----=-29-=-.-.-7-j --':"-1--
I, Aug. 16.. 4.74 0.221 4.52 Aug. 24 .. · 1 .l-
I '--.- II 
I I 9.61 0. 60 1 9.01 I 3.991 5.32 
3 1 June 19··1 10. 841 0. 901 9.94 July 1. .. ·1 ! 
I Aug. 15"1 7 . 17 0. 461 6.;1 Aug. 24. ··1 I 
1 --\- I I 
I 1 18.01 1. 361 16. 6S I 5.65 1 4. C7 
I~-~~~-~---
4 I June 20··1 4.56\ 0.071 4.49 June 30 .. ·1 I 
1 Aug. 16 .. 1 2. 351 1 2.35 Aug. 24 ... 1 i 
I 1-1-1-- I I 
I \ 6.91\ 0.07\ 6.84 \ 4.18! 7.73 
I June 11.. 4.51 none 1 4.51 July 1. ··1 1 
\ 
June 22.. 3.08" 3.08 Aug. 29. .. I 
5 Aug. 3.. 2.68 " i 2.G8 Oct. 14... I 
I Aug. 15.. 2.82 " I 2.82 : 
; Sept. 20.. 2.68 " I 2.68 ! \ \-1-1- I' I I 15. 77 I 15. 77 I 6 . 21 4.73 
61 June 21.' 1 5.35 0. 23 1 5.12 June 30. "1 ' 1 
Aug. 16.. 4 .90 0.19, 4.71 Aug. 26... I 
1 \--1- I I 1 10.25 0.42 9.83 I 4 .441 5.42 
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Discussion. 
In making comparisons of the different quantities of water 
applied and the yields produced, it m ust be remembered that the 
results obtained were from one season's work and that fur:ther 
investigations may modify them. However, it can reasonably be 
expected that the results obtained show in a general way what the 
practice should be for this particular locality during a year of 
normal precipitation. 
A comparison of the amounts of water applied to each plat: 
with its yield indicates that production tends. to vary ' as tht! 
amount of water applie4 within the limits of the amounts used 
used in this test. It will be observed , however, that plat No.5 
produced 0.56 tons more per acre with 15.77 inches of water ap-
plied in five irrigations, than plat No. 3 did with 16.55 inches 
applied in five irrigations. 
Plats Nos. 2 and 4 each received two irrigations. The former 
retained 2.17 inches of water more than the latter, but its yield 
'was not as great as that of plat No.4, although the difference i.:; 
small. It will be seen that the greatest yields per acre were pro-
duced on plats Nos. 1 and 5, which received five reasonably heavy-
irrigations. The maximum pield per acre foot of water applied 
was 7.73 tons, which was produced on Plat No.4. 
Alfalfa Seed. 
The test with alfalfa seed was made on plats adjoining those 
on which hay was produced. Provision was made fOr a test of 
the value of clipping the crops as well as for irrigation. In som~ 
localities difficulty has been experienced in producing good seed 
from first crop fodder on account of th~ growth being so dense 
that but few blossoms appear and the fact that those which ap·· 
pear are so poorly fertilized and imperfectly matured. In other 
cases where one crop of hay )ras produced and an attempt made 
to get a crop of seed, it frequently happened that the early fali. 
frost would prevent the seed from thoroughly ripening. Thes .... 
conditions naturally suggested that it would be well if the seed 
crop could be started some time between early spring and th t~ 
time when the first crop of hay is ready to harvest. To accom-
plish this result the seed field is sometimes pastured for a time, 
but as a substitute for that 'practice; clipping was resorted to in 
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this experiment. The seed plats were numbered from 7 to 12, in-
cbsive. Plats Nos 7, 8 and 9 were clipped down to within 4 or 5 
inches of the surface of the ground when the crop had a height of 
about 8 inches. 
The amounts of water which were applied each time were 
determined by the farmer. The following schedule shows what 
treatment each of the plats received. 
Plat No. 7.-Not to be irrigated. 
Plat No. 8.-To be irrigated when in blossom. 
Plat No. 9.-To be irrigated May 7 and when forming seec1 .• 
Plat No. 10.-Not to be irrigated. 
Plat No: ll.-To be irrigated same time as plat No. 8. 
Plat No. 12.-To be irrigated same time as plat No.9. 
Note.-Plats to be irrigated by the furrow method. 
The farmer was given the opportunity to choose the plat 
which in his judgment would yield best. He selected Plat No. 11 
which was used as a standard with which to make comparisons 
and also to determine the deficiency or surplusage of yield on the 
other plats, so that a settlement between him and the State and 
Federal Departments could be made. 
The effect of clipping was plainly noticeable as late as J uiy 
1st. when the crops on plats Nos. 7, 8 and 9 were about 18 in-
ches high and just beginning to blossom , while those on plats 
Nos. 10, 11 and 12 were about 24 inches high and in full bloom. 
When the plats were in full bloom the flowers were infested with 
a light colored insect. These are believed by some to be very 
injurious to a seed crop, while others were inclined to the vie-w 
that they were necessary to the proper ferilization of the flowers. 
The latter view may not ·be entirely correct but it is reasonably 
certain that the insect does not injure the seed crop, as the blos-
soms on all of the plats were infested to the same extent as near 
as could be estimated, and the r esults obtained were materially 
different. ~ 
Th e fo llowing table shows the numbers of the various plats, 
the date when irrigated, the amounts of water applied, wasted 
and retained in inches, and the yields in pounds per acre. 
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RICHFIELD PLATS.-ALFALFA SEED. 
. Irrigation Test, 1905. 
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1 Aug. 3 ... 8.39 0.02 8.37 293.9 I 
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.s 
0 
Z 
clipped 
dipped 
clipped 
clipped 
10 I I no irrigation -l46~lnot ciipped 
11 I July 6 .... 1 7.63 I S.20 I 7.43 278.2 Inot clipped 
12 May 25 . ... 5.12 0.60 4.52 Inot clipped. 
July 20 . .. 5.14 0.17 4.97 
I --- --- ---
I 10.26 I 0.77 I 9.49 153.8 Inot clipped 
An inspection of the table seems to indicate that to produce 
a good crop of alfalfa seed, some irrigation is necessary from the 
fact that plats Nos. 7 and 10, which received no water, yielded 
poorly. Plats Nos. 9 and 12 were irrigated May 25 and agaiu 
later in the season. The results were that too much fodder was 
produced which lodged, and as a consequence the seed crop did 
not mature well. This statement seems to be substantiated in 
that the yield on plat No.9 which was clipped as 293.9 pounds per 
acre as compared with 153.8 pounds per acre on plat No. 12, 
wh ich was not clipped. Th'e effect of clipping was to red uce the 
amount of fodder which allowed the seed to mature later. The 
yield in plats No.8 and 11 were best. The plats were irrigated 
when the crops were in bloom. The former yielded at the rate of 
846.6 pounds per acre, while the latter yielded only 278.2 pounds 
per acre. As the amounts of water applied to the e plants were 
about the same and the crop was at the same stage when they 
were irrigated, the yield seemed to indicate that clipping is a per-
tinent factor in alfalfa seed production. 
j 
BULLETIN NO. 99. 
Although these tests were made during only one season, the 
owner of the land is convinced that the best method of producing 
alfalfa seed in the Sevier Valley on soil similar to that on the 
tract under observafion, is to clip the crop when about 8 inches 
high and irrigate heavily when in bloom, or, in other words, . fol-
low the treatment given plat No.8. This may be true but tests 
should be continued to verify results obtained, and to determine 
at just what stage in the growth of the crop it is most profitable 
to irrigate. 
Investigations in Juab County. 
The chief agricultural resources of this c9unty are centered 
around the town of Nephi, and for this reason a tract of land ad-
jacent to this town was selected for the test. The staple crops ar~ 
wheat; oats, barley and alfalfa hay. Considerable quantities of 
peaches, apples, apricots and small fruits are produced, but not 
much in excess of the local demands. 
The water supply for the area in which the experimental . 
tract is embraced is small, varying from 60 cubic feet per second 
in May to 10 cubic feet per second in August. This stream irn-
gates from 2,500 to 3,000 acres of land. However, the duty of 
water is not as high as would seem on first though, for the reason 
·that considerable areas of alfalfa are irrigated during the flood 
season and then the water is concentrated on the later crops. 
Suitable arrangements for the work were made with Grace 
Brothers of Nephi on land situated about one mile in a north-
westerly direction from town. The soil is a medium heavy clay 
and is about 30 inches deep. It is underlaid with sand and gravel 
to a depth of about 40 feet, this being the average depth to the 
groundwater as shown by the wells in the vicinity. The experi-
mental tract slopes gently to the north and west and is typical of 
a considerable area in that lo<;ality. 
The crop planted was oats, which were drilled in and fur-
rowed about March 1, two bushels per acre being used. After 
the necessary arrangements for the work were completed, ' the 
area was divided into six plats of approximately one acre each. 
About April!, plat No.6 was leveled so that the flooding metho rl 
could be used instead of the furrow method. At this time the 
grain was about two inches high, but no considerable 'amount of 
damage was done by leveling. The plats were so arranged as to 
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permit of all the water used being measured by one weir in the 
supply ditch. The waste water was also conveyed to a measuring 
.weir before it was allowed to leave the tract. As in the othe:-
tests, a schedule of irrigation was prepared which is included be-
low. 
Owing to a misunderstanding between Mr. Brown and the 
farmer, the former was not there when the first irrigation was 
undertaken. Unfortunately the irrigators f~i1ed to realize the im-
portance of measuring the waste. The exact amount of water 
retained by each plat can, therefore, not be determined, althoug~ 
the amount applied was measured, and consequently the yield per 
acre-foot of water used cannot be computed. However, the yield 
per acre-foot of water appled will be shown for each plat. An-
other disappointing feature of this work is the failure of the irri-
gator to more closely follow the above schedule, although th~3 
was somewhat unavoidable, owing to the low water in the latter 
part of the season and the fact that a change of irrigators was 
necessary . . 
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The following table shows the number of the various plats. 
the dates when they were irrigated, the amount of water applied 
to each plat, the yields, including and not including the straw and . 
chaff on each plat, the yield in bushels per acre, and per acre-foot 
of water applied: 
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June 9. 7.54 lost 
June 24. 8.58 1.69 
July 9. 2.95 0.18 
-
19.07 3,810 3,280 85 .1 I 53.6 
I I I I 
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A study of the above table shows that the maximum yield 
per acre was obtained from plat No.4, which received 14.12 in-
ches of water. Plat No. 1 received 12.88 inches of water and 
yielded 78.3 bushels per acre. Plat No.2 received enough water 
to cover it to a depth of 21.06 inches and yielded 82.6 bushels per 
acre. Assuming that the yield on Plat No.4 would have been in·· 
creased had more water been used, the above comparisons show 
that for the greatest yield per acre the best amount of water to 
apply would be somewhere between 14.12 and 21.06 inches. Plat 
No.6 was flooded and was intended to compare with plat No.1 
as both should have received the same. quantity of water. But 
owing to the difference in the methods and the difficulties met by 
the flooding method, plat No.6 received nearly as much as No.2. 
A comparison of the results obtained from No.s. 2 and 6 shows 
that 21 inches .is too much water to use or that a less amount ap· 
plied by the flooding method is better. 
The treatment given Plat No. 5 was intended to show the ef-
fect of a single application of water at the time when the crop 
was filling. The results were poor, but conditions under which 
the test was made were very unfavorable. Instead of drilling .ill 
two bushels per acr,e, one-half this amount would have shown 
better results; for the reason that the thick stands which came up 
:sapped the soil of its moisture and nutriment before the crop was 
ready to fill and as a result less than 20 per cent of the crop 
beaded and filled. At this stage it received its allotment of water, 
which h'ad little effect on the crop harvested. This was evidenced 
by the rank growth after the crop proper had been produced. 
The results would have been much better had a lesser amount .of 
grain been sown and the water applied at a time when its 'usc 
-se~med imperative to the further development of the crop. 
A further inspection of the table shows that plat No. 3 re-
<:eived 8.87 inches of water and yielded 59.4 bushels per acre and ' 
'plat No.4 received 14.12 inches and yielded 89.6 bushels per acre. 
But the former show~ a yield of 80.3 bushels per acre-foot of 
water applied as compared with 76.1 bushels for the same quan -
tity of water used on the latter. 
The subject of maximum yield per acre, versus maximum 
yield per acre-foot of water used has occupied and is now OCCt1-
pying the attention of scientific irrigators ~n the arid States. 
Foremost among the reports giving .data on his subj~ct are bulle-
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tins Nos. 80 and 86 of this Station. Proceeding on the basis that ' 
production without profit is not · desirable under normal condi-
tions, more comparisons and some estimates will be given wi1:h 
the veiw of enabling the farmer to intelligently solve prob-
. lems of this kind which present themselves to him. 
Profits in farming as in 'other industries necessarily involve 
the cost of crop production. The cost per acre of planting, irri-
gating and harvesting a crop of grain produced as were those on 
Plats Nos. 3 and 4, would be approximately the same. An esti· 
mate of these costs for Utah in the year 1905 is as follows : 
Plowing and harrowing .............. $ 2.00 
Drilling ............................. 0.30 
Seed ................................. 1.00 
Irrigating (3 times) ................... 1.20 
Cutting, shocking .................. : .. 1.50 
Hauling ............................. 0.75 
Threshing ........................... 3.85 
Total ........... . ............. " .$10.60 
The average price realized by the farmer for oats grown 
during the season of 1905 was not more than $1.50 per hundred 
pounds. Therefore the cost of producing one acre of oats would 
be 22.1 bushels of the crop. The yield per acre on plat No.4 was 
89.6 bushels. Deducting the cost of production, namely 22.1 
bushels, leaves a net yield of 67.5 bushels per acre. Plat No. 3 
yielded 59.4 bushels per acre or a net yield of 37.3 bushels pe.~ 
acre. But plat No.4 received 1.59 times as much water as plat 
No.3 and hence the amount of water used on one acre of plat 
o. 4, wou1d have covered 1.59 acres of land to a depth equal tc 
that applied on plat No.3. In such cases the gross yield resulting 
from the use of the same quantity of water as applied on one 
acre of plat No.4 would be 1.59 times 59.4, the gross yield per 
acre on plat No.3, which is 94.4 bushels. According to the esti-
mates already made, the cost of producing this yield would be 
33.7 bushels, which would leave a net yield of 59.3 bushels from 
an area of 1.59 acres, as compared with 67.5 from one acre of 
plat No.4, the same quantity of water being applied in each case. 
In addition to the above results it cannot be disputed that the 
.59 acre would be better for future u e had it been Summer fal -
lowed instead of being made productive. 
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The above statement should not be construed as being an 
. argument in favor of heavier 'irrigation: The detrimental results 
of this practice are so numerous in irrigated areas as to scarcely 
need mention. 
The object sought above is to point out that in all irrigated 
districts there is a limit to the area which can be most economi· 
cally irrigated with a given supply of water. It is also probable 
that the above results show that with such conditions as sur-
rounded this test water applied to a deph of 9 inches is not the 
most economical use of a given volume. The best use of water 
as shown by the results · of this experiment would be such as 
would cover the .area to a depth equal to or exceeding 14.12 in-
ches and' less than 21.06 inches so long a~ the cost of production 
and the price of oat.s remain constant. But if the cost of produc- . 
tion can be lowered and' the price of the crop maintained, the gain 
will help offset the disadvantages of the method employed on 
plat No.3. This is not probable unless accomplished by im-
proved machinery, for the reason that as the 'purchasing value 
of a dollar in service increases, the price of the crop sold to obtain 
the dollar decreases. 
The table shows that the. yield of straw was approximately 
proportional to the yield of grain, except with plats Nos. 5 and 6. 
Plat No.5 yielded 1,962 pounds of straw and 31.1 bushels of oats 
per acre, while plat No.3 yielded only 1,575 pounds of straw and 
59.4 bushels per acre. This is accounted for by the fact that the 
late irrigation of plat No. 5 produc~d a second growth which was 
partly harvested with that which ripened first. Plat No.6 pro-
duced 3,810 pounds of straw and 85.1 bushels per acre as against 
a lesser yield of straw and a greater yield per acre of oats on plat 
No.4; This is accounted for by the fact that the farmer received 
nearly five inches more water during the season that did the lat-
ter. 
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INVESTIGATIQNS IN TOOELE COUNTY. 
The farm selected is situated one-half mile west of the main 
part of the town of Tooele and is owned by Willard Atkin, a pro-
gressive and successful farmer. It is typical of the best class of 
land in Tooele County. The soil is a rich clay loam. The experi-
ments were made under favorable conditions and the results are 
such as to justify the claim of highly intensified grain farming. 
At the beginning of the season of 1904, the experimental 
tract received 25 loads (3,000 pounds) of barnyard manure. In 
the autumn of 1904 the land was plowed 'and in the spring of 
1905 it was seeded with three bushels of oats per acre. The tract 
was furrowed at the ti~e of planting so as to aid in irrigating, as 
this was considered the best method of applying the water. Ai · 
ter arrangements were completed with Mr. tkin, the tract wa:; 
divided into six equal plats. The same sch edule of irrigations 
was followed in this test as in that in Juab county on Grace 
Brothers' farm. It was thought that considerable damage was 
done as a result of dragging down the furrows on Plat No.6 s(> 
that it could be flooded, but the crop soon appeared in good con-
dition. The following table shows the numbers of the plats, dates 
'when irrigated, amounts of water applied, wasted and retained~ 
the total yield of straw and chaff a'nd grain and the yield, in bush-
,els per acre and per acre-foot of water retained: 
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An inspection of the table shows that plat No.1, which was 
furrowed, gave a ~light1y higher yield per acre and a slightl) 
lower yield pe-r acre-foot of water retained than plat No.6, which 
was flooded. The latter plat received two inches more water dur-
ing the season thari the former. It will also be noticed that plat 
No.6 produced more straw than any other plat. Plat No.2 re-
tained a little more than twice as much water as plat No. 1. [t 
shows a little higher yield per acre than No.1, but only about 50 
per cent of its yield per acre-foot of water retained. Plats Nos. 
3 and 5 show comparatively low yields, both per acre and acre-
foot of water used. The forme~ plat did not receive enough 
water. This fact was apparent, for the reason that the good grain -
was produced adjacent to the supply ditch, while the crop at 
the lower end of the field partially failed. The crop on Plat No. 
5 suffered before it was first irrigated, after which a second 
growth came. As a consequent the oats ripened unevenl y . [ ~ 
will be noticed that plat No.4 produced the highest yield per acr~ 
of water used. 
The farmer has decided that the use of water as applied on 
plat No.4 is more productive and profitable than as applied on 
plat No.1, notwithstanding the fact that the latter produced 940 
bushels as compared with 72.6 bushels on plat No.4. 
The cost of prodncing one acre of oats at Tooele would not 
be materially different from that at Nephi, except in the matter of 
fertilizing. For large areas it would be impossible to obtain 
enough of the fertilizer named to treat the land in the manner de · 
scribed and so this item may be- neglected by the extensive 
farmer. 
Subtracting the cost of producing one acre of oats, as wac;; 
formerly estimated, n~mely, 22.1 bushels of oats, the net yield of 
plat No. 1, w~uld he 72.4 bushels per acre. Insuchacasethegross 
yield of 1.51 acre-feet of water would be 1.51 times the gro~s yield 
per acre on plat No.4, or 109.63 bushels. The cost in bushels of 
oat to produce a crop on the area which would have to be t1 ed :0 
cover it to a depth equal to that received by plat No.4, would be 
1.51 times 22.1 bushels per acre or 33.37 bushels. Th e net yield 
then for 1.51 acre-feet of water would be 76.3 bu hel of oats 
when the land i irrigated as was plat No.4, as against 72.4 bush·· 
els for the same quantity of water when a smaller area i treated 
as was plat No. 1. esides a gain of 3.9 bushels of oat per 1.51 
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acre-feet of water used, there would be about 173, times the em-
ployment furnished at remunerative w ages, as would be if th~ 
water were used as it w~s on plat No. 1. 
These results are not necessarily final and should be used by 
the farmer for what they actually show. The investigations have 
ten qed to show to the farmer with a small area, that the manner 
of irrigating plat No.1 is far better than that of plat No.2. That 
to a farmer with a greater area and a limited water supply i: 
would be better to irrigate his land as was plat No.4 rather than 
treat it as was plat No. 1. It may be advisable to increase the 
amount given to plat No.4 in order to obtain a maximum yieJd 
from a given quantity of water. The matter should be the sub-
ject for further investigation. 
BOX ELDER COUNTY INVESTIGATIONS. 
Sugar beet,s, alfalfa hay, wheat, oats and fruit are the staple 
crops of Box Elder County. For the most part fruit is produced 
toward the southeastern part, while the other crops are produ cecl 
in the valley through which the Bear and Malad rivers flow . T he 
latter locality is the one to which attention is invited. The gen-
eral course of the 'rivers named is southward, and so th e slope 
of the land adjacent to them is eastward and southward or w est-
ward and southward, according as it lies on their right or left 
banks. Generally speaking the slope is slight and the subsoil 
is of an impervious nature and consequently the drainage 
conditions are poor. The soil is deep and composed of rich clay 
loam. At various places in the valley alkali is beginning-to ap-
pear, but only a few locations are injured by it. 
The experimental tract is situated about two miles north of 
the town of Garland on a farm owned by Mr. George Austin, aarl-
cultural superintendent of the Utah Sugar Company . , T he oil 
with its drainage conditions is typical of a very large area in the 
v alley . At the ' time arrangements were made with 'Mr. \u t in, 
the crop was planted and the soil was in excellent condition for 
growing sugar beets. There were a few indication of alkali 
though not in sufficient quantities to interfere with the p roduc-
tion of a good corp. The farm had been troubled some with 
seepage water, but an open ditch between it and the source of 
supply relieved conditions materially. After the tract was select-
ed, it w a divided into eight plats, for which a chedule of irriga-
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tion 'was prepared similar to that shown in the discussion of Utah 
County investigations. Owing to some mistake in calculating, 
the amounts of water applied to several plats are at variance 
with the schedule. However, the mistakes did not affect the 
quantities of water applied to the various plats and so the data 
collected are valuable in that they show the results obtained from 
the application of different quantities of water. 
The following table shows the numbers of the plats, the dates 
when irrigated, the amounts of water applied, the yield in tons 
per acre, and the yield in tons per acre-foot of water used: 
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An inspection of the table shows that plat No. 1 which W:l S 
covered to a depth of" 7.31 inches during the season, produced a 
greater yield per acre and per acre-foot of water used than any 
of the other plats. Plat No. 2 was covered more than twic.::: 
as deep as Plat No. 1 and the yield per acre-foot of water 
used was reduced to about 2-5 of what was on plat No.1, and the 
yield per acre and per acre-foot of water used was materially de-
creased. Plats Nos. 4 and 5 each received less water than plat No. 
'1 and the yields were less according to both standards of measure. 
The results obtained on Plat No.7 were not materially different 
from those obtained on Plat No.2 with an increase of about two 
inches in depth of water, except that plat No.7 shows an increase 
in yield per acre-foot of water used. Plats Nos. 6 and 8, received 
practically the same quantity of water during the sea On and it 
was applied on the same dates in approximately the same 
amount each irrigation. The former was irrigated during tit.! 
day and the latter at night. The results show a slight increase 
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in yield per acre and per acre-foot of water applied for the plat 
that was irrigated at night. 
It is thought that when cold water is applied to a crop dur-
ing a hot day, the sudden change in temperature may tend to hold 
back the growth of .the plants and prevent a full development 
ultimately. The night irrigations were not commenced until 
about 10 p. m. in order that the soil might have a chance to par-
tially cool before the water was appli.ed . 
. While the above tests were made under conditions which are 
typical of a larger area of the best land in the valley, it may be 
that underground water materially reduced the necessity for th,.! 
artificial applicatio.n of water. In the use of the above data th.:! 
conditions under which the' tests were made should be considered. 
UTAH COUNTY INVESTIGATIONS. 
The experimental tract is situated about 3 miles north of 
Provo in the river bottom, on the farm owned by A. L. Tanner, 
with whom we cooperated. Tl-.e nature of the soil and the water 
requirements here are very much different from those at Garland, 
but are typical of a large .area of land ~sed for beet culture. The 
:soil is sandy, gravelly. loam underlaid with coarse gravel which 
insures perfect drainage. The experimental tract which consisted 
of about 2 2-3 acres, was divided into sev~n plats and sown to 
:sugar beets. The water supply consisted of return seepage water 
from the adjacent benches. The volume was always in excess 
of the needs and could be used when desired. The mea~uring de-
vice and headgate were so located that the head on the weir re-
mained practically constant after having been once adjusted. 
The following schedule of irrigations for the various plat::; 
was arranged: 
Plat No. I.-Check plat.-To be irrigated as farmer chooses. 
P lat No. 2.-To be irrigated on same days as Plat 1, with 
twice as much water applied. 
Plat No. 3.-To be irrigated same as plat 2, using one-half as 
much water as on plat I. 
Plat No. 4.-To be irrigated about June 15th and about 
A ugust 4th. 
Plat No. S.- To be irrigated every three week , beginning 
about Jun e 15th. 
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Plat No. 6.-To be irrigated same days as plat 1, but th ,.! 
amount of water to be increased two fold each irrigation. 
Plat No. 7.-To be irrigated same day as plat 1, but by flood-
ing. 
The following table shows the number of the various plats, 
the dates when irrigated, the amount of water applied, yield In 
tons per acre, and yield in tons per acre-foot of water applied: 
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June 22 .. . ... .. 2.38 I 
July 7 .... . .... . 3.53 I 
1 July 26 . .. ...... 5.51 I 
Aug. 10 . .... . .. 8 .. 23 I· 
Aug. 22 ........ 12 . 57 I 
Sept. 6 ........ 14.46 
I , 46.68 22,711 5.84 
I 
June 22 ... . . . .. 4 . 59 I 
July 7 .. .. ..... 6.96 
2 I July 26-27 .... .. 10.05 
I 
1 
Aug. 10 ....... 13.97 
Aug. 23 . . ... . . . 15.72 l-I Sept. 6-7-8 . . . .. 20.36 
__ _ __ +1_7--::-1_.6-::-;:5=---:-_1_8,_9_12_--:-__ 3_. _17 __ 
, J u n e 22........ 1 . 17 1 
I July 8...... . . 1. 72 I 
3 1 J u 1 y 28. ... . . . . . 2 . 74 I 
I Aug. 10 ··· ····· 1 4.15 1 
1 Aug. 24 ... . . .. ·1 6. 15 I 
: Sept. 7········1 7. 16 I 
I 1---- I· 
I 1 23 .09 15,668 
1 June 22········1 2.38 I 
4 1 Aug. 4........ 6.96 I 
I I Aug. 23········ 1 12.50 I 
1 1----- I 
I 21.84 14.892 1 8.18 
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I June 23. " ...... 2.34 I I July 15 ........ 7 .76 
I 5 Aug. 2 ........ 9.57 
Aug. 21-22 .. .. . 11 .23 I 
Sept. 12 ........ 16.69 I 
I 47.59 I I 18,087 ' I 4.56 
June 24 ....... . 1.23 I 
July 15 ... .. .... 2.41 I 
6 Aug. 2 ... : .... 5 .65 I 
I 
Aug. 21-22 ..... 16.55 I 
Sept. 12 .... .. .. 14.01 I 
I I 39.85 14,211 I 4.27 
I June 24 ........ 2.35 I I 
July 8 .. .. .... 3.46 I 
7 July 28 ......... 5.50 I 
Aug. 10-11. ... . 8.28 I 
Aug. 24 ........ 9.46 I I 
Sept. 7-8 ....... 6.66 I 
I 
35.71 20,135 6 .76 
Plat No.1 received water to a depth of 46.68 inches during 
the season in six irrigations. It yielded 22.71 tons of beets per 
acre and 5.84 tons per acre-foot of water applied. These result'> 
are better from either point of view than those of any other plat. 
The use of 71.65 inches of water on plat No.2 in the same num-
ber of irrigations shows a decrease in yield per acre, as well as :.t 
decrease in yield per acre-foot of water used. It will be observed 
that this plat was irrigated on two succeeding days in July and 
on three su~ceedi ilg days in September. This method of applying 
a large quantity of water was necessary for the reason that the 
soil would not otherwise retain twice as much as that appliell 
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to plat No.1, as was intended by the above schedule. Even with 
the method employed, the irrigation did not accomplish the aims 
of the schedule on the above named dates. Plat No.3 received 
about one-half as much water as plat No.1, with the same num-
ber of irrigations. The yield per acre is less than that of plat No. 
II while the yield per acre-foot of water used is 8.14 tons ~ ~.; 
against 5.84 tons. The results in the way of yield on plat No.4, as 
well as other effects which will be discussed later, waFrant the 
statement that three applications of water amounting to less than 
two feet in depht on a given area is not an economical use of the 
water. The results on plat No.5 show the effects of applying lim-
quantities of water in the early part of the year with a gradual in-
crease toward the time of the maturity of the crop, the tota! 
quantity received during the entire season being practically 
the same number of times as plat .No. 5 and on practically the 
-same dates, but received a lesser quantity of water. The schedule 
of irrigation was made with the intention of applying the same 
-quantity of water to plat No.7 as to plat No.1, the former to be 
flooded. Owing to a mistake in calculation, the value of this com-
parison was destroyed. . 
Considerable discussion and speculation has been engaged 1l.i 
among beet growers regarding the effect of in;-igation on the 
shape and size of the beets and consequently the yield ann prob-
able sugar contents. It has been urged that the beet should be 
allowed to feel the riecessity of moisture, but not allowed to suf-
fer before the crop is irrigated for the. reason that it would ex-
tend the tap root deeper into the soil and as a result would more 
likely become a well-shape, good sized beet. For about the 
same reason it has been said that light irrigations at the begin-
ning of the season are better as the tendency of the beet to pene-
trate is not overcome except where an abundance of water is 
furnished toward the begin!ling of the season. Reasoning in the 
same way the furrow method is urged as against the flooding 
method. Observations were made at the time the crops were dug 
. with a view to ascertaining the facts as shown by one test. Most 
<>f the beets of plat No.1 were well-shaped and good sized. How-
ever, they were shorter than they should have been. They were 
-pretty well covered with root hairs, which caused a large per-
centage of dirt to adhere to them. Some few beets were very 
short, but the ·percentage of small beets was low. 
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P~at No.2 produced the shortest beets of any of the plats. 
Most of them were very dirty and a considerable number were 
inclined to be turnip shaped. The percentage' of small beets was 
low. The beets ·produced ·on plat No.3 were fairly well shaped. 
but the percentage of small beets was higher than on plats 1 and 
2. Plat No. 4 produced clean well-shaped, good sized beets. 
The beets grown on plat No.5 were well-shaped. They were verY 
dirty and the percentage of small beets was medium. The tap 
roots penetrated deeply into the soil which accounts ·in part for 
their shape. 
Plat No.6 produced the smallest ap.d poorest shaped beets of 
any grown on the experimental tract. It was also observed that 
the growth of tops was exceptionally heavy. Some of the beets 
produced on No.7 wer.e very large and the percentage of smail 
beets rather high. . Generally speaking, the beets were poorly 
shaped and a considerable number were forked. It is thought that 
the water being applied at the surface (flooding method) was 
largely responsible for these results. 
From the above facts and the data given in the table, it would 
seem that the contention that the plants should be allowed or 
forced to penetrate well into the soil for Ploisture before irriga-
. tion . is resorted to may be well grounded and likewise that the 
furrow method is probably better than the flooding method. 
Sugar-beet blight during the season of "1905 hampered the 
production of sugar beet.s. It is not proposed to discuss the na-
ture of blight any more than to say that it seems to surround the 
beets with a moldy g rowth , resulting in a shrivelling of the leaves 
and a dwarfing or killing of the beet. Some observations were 
made relative to the effect of biight on the various plats as com-
pared with the amounts of water received and the methods of 
applying it. 
P lat s Nos. 1, 2 and 5 received most water and were affected 
least with the blight, but plats 2, 4 and 7 received less .water than 
plat o. 6 and were damaged less. From these facts it 
. would seem that plenty of water tends to prevent blight; but that 
the damage done by it is not proportional to the amounts o~ water 
applied. 
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INVESTIGATIONS IN MILLARD COUNTY. 
Before emptying its unappropriated water into the remnant 
of Sevier Lake, the Sevier R iver flows through a very level and 
broad valley, which is · broken only by lava beds and sand dunes. 
J n this valley and adjacen t to the above-named river, the tests 
were conducted. The gradient of the river and the slope of the 
country toward it is very small and consequently the valley ha~ 
practically no drainage. Several years ago after a succession of 
seasons during which the water supply was abundant, the soil be-
came water-logged. The ground water w as often found at a 
depth of one foot and less from the surface. This condition was 
followed by a drouth of several years' duration, since which the 
soil has been suitable for crop production. Generally speaking, 
it is a heavy clay of considerable depth, underlaid with an imper-
vious shale or compacted clay. Alfalfa is the principal crop, but 
. wheat will be a staple crop if the water supply can be properly 
controlled. Apples and plums are raised in limited quantities. 
The experiments were made on the farm of A. A. Hinkley, 
which is situated about one-half mile north of the town of Hinck· 
ley. The soil is a heavy clay about thiry inches deep underlaid 
with a · subsoil of tenacious blue clay . The land slopes very 
gently to the south and owing to this fact, the check method of 
irrigation was employed. The supplying ditch was provided with 
a measuring weir, but owing to the method of irrigating the plats. 
no water was permitted to waste. The plats. were seeded to 
wheat and as is usually the case, were irrigated to produce ger-
mination. The first irrigation of the plats was begun by Mr. 
Brown and continued by the farmer. Owing to an overisght on 
the part of the latter, the second watering turn was allowed to 
pass. As a result the crop was badly damaged. By the tim e the 
third irrigation turn came, the weeds were so abundant in all but 
plats Nos. 1 and 2 a? to render the results practically worthless . 
The amount of water applied to these plats was· measured . The 
scheduel of irrigations is similar to that for Tooele and Nephi. 
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The following table shows the amount of water applied LO 
plats Nos. 1 and 2, the dates when irrigated, the yields per acre, 
and the yield per acre-foot of water applied . 
.. 
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June 15 1 8.89 
I 
I 
1 July 17 
\ 
8.89 I 
--- I 
I 17.78 1 25.0 · 1 16.9 
June 15 
II 
16.76 
II 
I 
2 July 17 15.14 I 
--- I 
31.90 I 17.4 I 6.55 
Note: Plats were dyked, no runoff. 
INVESTIGATIONS IN SALT LAKE COUNTY. 
These investigations were conducted at Holiday, which lies at 
the base of the Wasatch range of mountains, about 10 miles in a 
southeasterly direction from Salt Lake City. The experimental 
tract is owned by A. E. Stout. The crop used in the test was pota-
toes of the Early Ohio variey. Black loam mixed wih light clay 
constitues the soil which is underlaid with clay. Notwithstand-
ing the impervious nature of the subsoil, the ground water is deep 
and the drainage is good. The field on ' which the experimental 
plats were located ,produced oats during the season of 1904. It · 
was plowed' that autumn and received a heavy coat of fertilizer 
the following spring preparatory to plan~ing the crop experi-
mented with. The climate of this locality is such as to favor the 
product ion of tender fruits and vegetables, which are the princl-
pal crops grown. 
The following schelude of irrigations shows the plan of the 
work: 
There were six plats in the experiment and the irrigations 
were planned as follows: 
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Plat I.-Check plat, to be irrigated as farmer chooses. 
Plat 2.-To be irrigated at the same time as plat No.1 but 
to receive one and one-fourth times as much water a t 
each irrigation . 
Plat 3.- To be irrigated same as plat 2 except to ,receive six-
tenths as much water as plat l. 
Plat 4.-To be irrigated every ten days using at each irriga-
tion one-h alf as much water as plat No. l. 
Plat 5.-To be irrigated every twenty days, ,using at each 
irrigation same amount of water as in plat No. l. 
Plat 6.-To be irrigated same as plat No.1, but by flooding. 
The following tables show the numbers of the plats, thr~ 
dates when irrigated, the amount of water applied, wasted and 
retained, the yield in bushels per acre, the ' yield in bushels 
per acre-foot of water applied and the percentage of unmarket-
able potatoes.' 
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July 10" 1 2 .26 0.21 2.05 I July 15. 1.05 0 . 11 0 .94 ' 
July 26' 1 1.22 0 . 17 1.05 
1 Aug. 4. 1.57 0 . 16 1.41 
Aug. 14 1.99 0.60 1.39 
I Aug. 24. 2 .99 0.52 2.47 Sept. 3 2.99 0.52 2.47 
---
--- ---
14.07 2 .29 11.78 257.9 220. 0 4.7 
July 10'1 2 .78 0.00 ' 2 . 78 
July 15 . 1. 53 0.41 1.12 
July 25 . 1.47 0 . 10 1.37 
2 Aug. 4. 2 .20 0 .44 
I 
1.76 
I I ug. 14: 2.61 0.45 2 . 16 
I 
Aug. 25.1 3 .88 1 0.43 3.40 1 
Sept. 41 3 .93 0.24 3.69 
I \ 18.40 . 
--- ---
2 . 12 16 .28 270.3 176.3 3.4 
I 
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1 July 10·1 1.55 1 1 1. 551 
July 15·1 0.69 0 .69 I 
July 25.1 2.02 1 0.05 1 1.97 I I I 
3 Aug. 4. 1.01 1.01 I 
Aug. 14. 1.19 0.04 1.15 
Aug. 24. 1.83 1.83 
Sept. 4 1.79 0.06 1.73 
-- -- --
10.08 0.15 9.93 198. 6 236.4 7 .2 
July 10. 1.22 1.22 
July 25. 1.81 1.81 
4 Aug. 4. 0.69 0.69 
Aug. 14. 1.02 1.02 
Aug. 24. 1.30 1.30 
Sept. 4 1.52 0.05 1.47 
-- -- --
7.56 ·0.05 7.51 210.4 333.9 5 .9 
July 10·1 2.23 2.23 1 I 
5 July 25. 2.88 2.88 I 
Aug. 14. 2.06 0.10 1.96 
Sept. 3 2.98 0.31 2.67 
-- -- --
10.15 0.41 9.74 234 .5 277.2 5.9 
I July 11. 2.28 2.28 
1 July 15. 1.96 1.96 
July 25. 3.55 3.55 
6 Aug. 4. 3.30 3.30 
Aug. 15. 3.30 3.30 
1 Aug. 25. 3.07 3. 07 
Sept. 3 2.96 2.96 I 
- -
-- I I 20.42 I I 20 .42 I 265.6 I 156 . 1 I 2.4 
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In comparison with plat No.1, plat No.' 2 shows a larger 
yield per acre, but a lower yield per acre-foot of water used. The 
percentage of unmarketable potatoes produced on plat No.2 was 
3.4 as compared with 4.7 on plat No. 1. Both plats were irrigated 
the same number of times an on the same dates, but the former 
received 1.4 times as much water as the latter. 
Plat No.3 was treated to show the effect of the use of less 
quantities of water than the farmer would have used. This plat 
received about 0.70 of what plat N'o. 1 received in the same num-
ber of irrigations on the same dates. By comparison with plat 
No.1, plat No.3 shows a decrease in yield of 59.3 bushels per 
acre and only 16.4 bushels increase per acre-foot of water used. 
It should be noted that the percentage of unmarketable potatoe:3 
was greater than on any other plat. 
The results obtained from plat No.4 show the effect of a 
less quantity of water than that received by plat No.3, or about 
one-half as much as was applied on plat No. 1. A comparison of 
the yield of this plat with plat No. 1 shows a decrease of 47.5 
bushels per acre and an increase of 113.9 bushels per acre-foot of 
water applied. The percentage of unmarketable potatoes was 
also higher than in the case of plat No. 1. 
The table shows the effect of using 10.15 inches of water 
on plat No.5. It was applied with four irrigations s€parated by a 
period of about 20 days. As compared with plat No.3 which re-
ceived nearly the same quantity of water, the yield per acre and 
per acre-foot of water used is materially increased. The percent-· 
age of unmarketable potatoes is also less. Plat No.6 was flooded 
and was intended to be compared with plat No.1, but the flooding 
method naturally requires more water than the furrow method 
and so the irrigator was unable to cover the plat with less water 
than was used. This fact makes it necessary to compare the re-
sults obtained with those of plat No.2. Although plat No. 6 re" 
ceived about 2 inches more water than No.2, the yield per acre 
is nearly five bushels less and the yield per acre-foot of water 
used was nearly 20 bushels less. One of two things seems to be 
evident, namely; that the furrow method is better for pota'ioes 
than the flooding method or that 20.42 inches of water is too 
much water under existing conditions for the best results. It 
should be not ed that the percentage of small potatoes was less on 
plat No.6 than on any other plat. From a general inspection of the 
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table, it would seem that within the limits of this experiment that 
frequent heavy applications of water produce the largest yield 
per acre and a greater percentage of marketable potatoes. 
These facts naturally suggest the question as to whether it 
would be better to obtain the maximum yield per acre or th~ 
greatest yield per acre-foot of water. As an example, suppose 
there is an excess of land and that the value of the unmarketable 
potatoes is so small that it may be neglected. It has been care-
fully estimated that the cost of producing one acre of potatoes. 
is 72 bushels' Comparing the amounts of water applied on 
plats Nos. 2 and 4, it will be seen that 2.42 acres of land irrigated 
as was plat No.4, could be irrigated with the volume of water ap-· 
plied on one acre of plat No.2. The yield per acre of marketabl o , 
potatoes on plat No.2 was 261.1 bushels. Deducting 72 bushels •. 
the cost of production, leaves 189.1 bushels net yield. The yield 
per acre of marketable potatoes on plat No.4 was 198 bushels" 
but 2.42 acres of plat No.4 could be irrigated with the same-
volume of water as was used on plat No.2. So the gross yield 
for the same volume of water as was used on plat No.2 would be' 
479.16 bushels. The cost of producing 2.42 acres of potatoc -
would be 174-.2 bushels, which, when subtracted from the gross. 
yield, would leave 304.9 bushels as against 189.1 bushels where 
the water was used as on plat No.2. On the other hand, if there 
is a surplus of water', and the aim is to get a maximum yield, the-
crop should be treated more nearly as was plat No.2. 
Summary. 
Although the experiments were only made during one sea-
son, some facts have been establishel as shown by the various-
tables, while more ,extended investigatio'n of the same nature is 
needed for the intelligent solution of other problems. As to-
whether it is better to obtain the greatest yield from a given area 
or produce the maximum yield from a given volume of water,. 
must depend on the conditions which surround the individual 
farm er and therefore he must solve his own problems, using such 
experimental data as he may be able to obtain as his guide. 
IRRIGATION INVESTIGATIONS, 1906 . 
• W M e u , lin. 
For the pur ose of maKing observations on the practical usC' 
of water in the vicinity of Ogden, the Perry Canal system was. 
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selected. This canal irrigates about 500 acres planted to cropf; 
varying in nature from the tender vegetables to the hardier frUlt 
t rees. The ,soil is for the most part sandy loam but there are 
small areas of clay and light sand. 
The Weber canal system was selected as typical of a large 
area of land to be found in Morgan county. This system covers 
some 400 acres of soil varying from gravelly bench land to heavy 
clay land. Th~ area is sown mostly to alfalfa and grain. 
Both of these canal systems were equipped with weirs placed 
in the main canals and in the laterals. Measurements of the 
amount of water entering the canal, the amount running to waste 
through the spill or waste-ways, and the amount turned into each 
lateral, were made. In this way the amount of water used upon 
each field and the number and dates of the irrigations were deter-
mined. The field representative of the co-operators who had thi'i 
work in charge, visited each piece of land several times during 
the summer in order to secure all culture notes, yields and other 
field data. At the end of the season, the records show, besides the 
amount of water used upon each piece of land, the cost of produc-
tion and the yield per acre. ' 
It is thought desirable at this time not to discuss these data 
in detail because they were collected during the unusually wet 
season of 1906. Only about one-half the usual amount of water 
was applied, The average results will be briefly give in tabular 
form. This work should be continued that the average use of ir-
rigation water may be determined. 
Arrangements were made for conducting cooperative tests , 
for the purpose of ascertaining the best use of water in irrigation 
with the State Industrial School, the State School for the Deaf 
and Blind, the County Poor Farm, the Wasatch Orchard Com-
pany, the Amalgamated Sugar Company, and various private 
individuals at Ogden. The same line of experiments were car-
'ried on with farmers in Sevier, Morgan, Box Elder, Cache, Utah 
and Juab Counties. It is not thought advisable for reasons pre-
viously mentioned to discuss all of the results obtained of this 
year as wa done for 1905 but to discuss only the experiment3 
with sugar beets at Ogden and with potatoes at Morgan. It might 
be added that the numerous rains during the pa t summer neces-
sitated changes in the details of these experiments throughout 
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the season, in some instances the number of irrigations contem-
plated being reduced by one-half. 
Precipitation during growing seasons 1905 and 1906. 
Month. Precipitation in Inches. At Ogden At Morgan. 
1905 1906 II 1905 1906 
May .................... 1.69 3.86 4.25 I 5.63 
June .................... 0.51 0.84 0.85 I 1.47 
July .............................. .. .... 0.65 0.11 0.19 
I 
0.44 
August ........................... 0.36 4.27 1.17 4.11 
-- -- -- I --
Total ......................... 3.21 9.38 6.46 I 11.65 
In the above table the percipitation during the growing 
months of 1905, which was a year of normal precipitation, is 
compared with that of 1906. There is no unusual difference in the 
rainfall during the first three months but at Morgan then: was 
nearly twelve times as much precipitation during August 1906 
as during August 1905, and at Ogden almost four times as much. 
The rainfall of August 1906, would take the place of one or more 
irrigations as it was fairly well distributed. 
Sugar Beet Experiments in Weber County. 
Arrangements were made with the State Industrial School to 
conduct a series of experiments for the purpose of determining 
the most advantageous use of irrigation water in the production 
of sugar beets. This farm is located in the north western part of 
Ogden and is typical of the large area of sandy-loam soils to be 
found in Weber county used for beet culture. The land is easy to 
cultivate but requires considerable care in irrigating that the 
water may be applied uniformly. The underground water dur-
ing the growing season is found from three to four feet below the 
surface and-this distance represents the depth of soil for plant use. 
Soils of this character will not hold a large quantity of water 
such as will a clay soil, therefore each irrigation should not be 
so copious but possibly more frequent than on t he heavy soil. 
The irrigation water for this tract is taken from the Ogden River. 
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The field was divided into eight pl<l;ts which were to be irn-
gated according ~o the following plan. 
Plat No. 1.-Check plat-to be watered as suggested by tht! 
farm foreman in four irrigations. 
Plat No. 2.-To be irrigated four times at the same time . as 
plat No.1, except the first irrigation of plan No.1 which is to be 
omitted on this plat. 
Plat No. 3.-To receive ;4. less water than Plat No.1 in five 
irrigations. 
Plat No. 4--To receive ;4. more water than plat No.1 in five 
irriga tions. 
Plat No. 5.-To be irrigated same as plat No.4 except second 
irrigation which is to be applied one week earlier than in plat No. 
4. 
Plat No. 6.-To be irrigated same day as plat' No.5, and re-
ceiving one-third more water than plat No' 1. 
Plat No. 7.-To be irrigated same as plat No.4 except second 
irrigation to ·come at time of third irrigation of plat No.4, thus 
putting last irrigation two weeks later than in plat No.4. 
Plat No. 8.-Containing seven acres to be irrigated as farm 
foreman suggests. 
All plats to be irrigated by the furrow method and are to be 
cultivated on same days. 
The following table is self-expanatory. 
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1 2.38 26 .5 l 4 5 1 loss $ 7.481 1.26 2 2.30 26.2 4 5 " 8. 51 1 1.22 
3 1.89 21.5 5 5 net 1 1.00 
4 3.12 23.75 5 5 gain 27. 32 1 1.65 
5 2.78 27.30 
I 
5 5 " 1. 15 1 1.47 
6 3. 67 27.40 5 5 " 27. 54 1 1.94 
7 2. 59 
I 
21.90 
I 
5 5 " 19. 53 1 1.37 
8 1.60 19.20 6 5· loss 7.881 .84 
The last two columns well be explained In the follOWIng diS-
cussion: 
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An inspection of the table shows that with the exception of 
plat No.4, the, yield , incr~ases with the amount 9f water ' applied. 
There is but a slight increase in yield in plat No.6 over plat No. 
5, although about one-third more water was used. This suggests, 
as was demonstrated in the work at Logan, that there is a limit 
to the amount of water to use in growing sugar beets. When this 
limit is reached applying more water will decrease the yield. It 
is apparent from the table also that with the smaller amounts of 
water applied a slight increase of irrigation, very materially in-
creases the yield, while with the larger amounts the increased 
yield due to additional water is not so marked. In other words 
the productive value of an inch of irrigation water depends upon 
the amount of water which has already been applied during the 
season, decreasing with additio!l.al amounts until finally there 
is reached a point whe~e additional irrigation decreases the yield. 
We may illustrate from the above table. In plat No.8, the pro-
ductive value of 1.6 feet of water is 19.2 tons, or one ton per inch 
of water used. In plat No.3, three inches mor'e water was applied 
than in plat No.8, but the increase in yield was only 2.3 tons of 
beets or about 0.8 tons per additional inch of water. In plat No. 
2, five inches more water was used than in plat No.3, increasing 
the yield 4.7 tons, or about 0.9 tons per additional inch of water 
used. In plat No.1, one inch more water was used than in plat 
No.2 and 0.3 tons more beets produced, qr 0.3 tons per additional 
inch of'water. In plat No.5, four and eight-tenths inches more 
water resulted in an increased yield of approximately 0.2 tons pe!" 
additional inch of water. Plat No.2 gives the highest productive 
value per inch of water applied, but as plat No.3 m.ore nearly re·· 
pre~ents the method of irrigation to be recommended it will be 
used in the following discussio.n. As has been previously stated 
it is the greatest value of water that we are determining. there,· 
fore , the question is what would be the financial results had all 
the water been used as on plat ,No.3? This plat received 1.89 feet 
of water and the 2.38 feet of water used in plat No.1, would have 
irrigated an area of 2.38 divided by 1.89, or 1.26 acres. N ow the 
yield of 1.26 acres figured on a basis of the yield on plat No.3 
would be 1.26 times 21.5 tons (the yield 'of plat No.3 ) , or 27.09 
tons which at $4.50 per ton gives $121.91. It cost to produce an 
acre of beets $39.40, and to produce 1.26 acres it would co;-,t 
$49.64. Substracting this amount from the total yield $121.91, 
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gives a net yield of $72.27. The same amount 2.38 feet of water, 
applied to one acre as in plat No.1 produced 26.5 tons of beets 
valued at $119.25, and it cost $39·40 to produce them, leaving 
a net profit of $79.85. A comparison of the net profits found 
above, shows an increase of $7.58 for the last one. Had we usen 
the amount of water applied to plat No.1 on an increased area 
irrigated by the method of plat No.3, there would have resulted 
.a loss of $7.58. This amount is to be found in next to the last 
column of the table. Had we used the 2.3 feet applied to plat No . . 
2 on an increased area as was done in plat No.3, there would' 
have been cultivated an area of 1.22 acres at loss of $8.51, out 
had the 3.67 feet of water used on plat No. 6 been used as ou 
'plat No.3, 1.94 acres would have been cultivated at a .net gain of 
.$27.54. 
The seventh or last column ip the table gives the area which 
-could have been irrigated by using the water as was done in plat 
No.3, and the sixth column gives the resulting net loss or gain. 
This loss or gain includes all the work incident to growing and 
marketing the beets such as plowing, seeding, cultivating, irrigat-
ing, digging, and hauling to the factory. There are included fiv~ 
days team work at $3.00 per day and 12 days hand labor at $1.75, 
or a total of $36.00 for labor. It must be kept in mind that these 
results are for one year only and an abnormally wet year. 
. POTATO EXPERIMENT-MORGAN COUNTY. 
The soil of Morgan county varies from the heavy clay in the 
bottom lands to light gravelly soil underlaid with coarse gravel 
-on the benches. For the purpose of this experiment it was de-
cided to secure a medium clay-loam soil and arrangements were 
made with Mr. W. H. Rich to use part of his farm lying one anJ 
-one-half miles southwest of Morgan City. This soil is rather 
uniform in character with the underground water more than ten 
feet below the surface. which insures a good deep soil. Land of 
this character will hold a larg.e quantity of water but requires con-
siderable cultivation that "crusting" may be prevented after .rai.n!o' 
or irrigation. 
The fOllowing ouline gives the plan of the experiment. 
Plat No. I.-To be irrigated twice as often as plat No.4, 
applying in all about the same quantity of water to these plats. 
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Plat No. 2.-To be irrigated twice as often as plat No.4, ap-
plying in the four irrigations about one-third more water. 
Plat No. 3.-To be irrigated three times, using the sam~ 
amount of water as on plat No.2. 
Plat No. 4.-Check plat, to be irrigated as farmer suggests~ 
Plat No' 5.-To be irrigated three times using one-half th{; 
amount of water at each irrigation that is used each time on plat 
No.4. 
Plat No. 6.-To receive four irrigations, applying the same 
total amount of water as applied to plat No.4 but using a larg(! 
stream and hurrying the irrigation. 
Plat No. 7.-A four acre field handled by the farmer. 
All plats to be irrigated on the same day and to receive the 
same cultivation. 
The following table arranged as the preceding table is self-
explanatory. 
POTATOES-MORGAN. 
a. Q) 
I-. ~ ~ '0 Q) 
.c ~ ~": Q) '0 ...... ~ 00 ~bll~ • II ~ .... 00 ~ .0 Oc:l ~~~ ~.9~~ 
.... ~-+"> ::lal 1-.0 C'OQ) Q)- ~~~~ I-. ~'C-+"> -I-. .c-+"> -OO d 
.. ~i ~~ 8~ f ~ bD- d-.c-~ Q)~"' ~ 8 Q.~ Q)~ ~~ Q Q- Q. ~SQ) o 0:: <~~ -Q) Z,!::; ~ .... :::: ~ <Q)8 0 ~Q. ...... 0 ..... _ 
--I 1.60 325.5 4 
I 
Net I 1.00 
2 2.14 282.1 4 $ 63.46 I 1.34 
3 2.17 205.4 3 104.27 I 1.36 
4 1.64 227.4 2 
\ 
50.53 
\ 
1.02 
5 1.47 256.8 3 23 .29 0.92 
6 1.79 250.2 4 50 .74 I 1.12 I 
7a ! 1.60 141.3 2 169.69 1.63 
A plat 7 was severely injured by frost and made a poor stand. 
An inspection of the table shows that the yield was greater 
with four irrigations than with three or two although more water 
was applied in the latter case, further that with four application':5 
the smaller amounts of water gave the greater yield, as shown 
ill comparing plats Nos. 1, 2, 3, and 5. ,It was noticed during the 
growing season that plats Nos. 2 and 3 did not look as thrifty as 
Nos. 1 and 5, although treated the same and with no difference in 
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the soil which could be detected. Plats Nos. 4 and 7 cannot be 
compared as there was a considerable difference in treatment and 
in "stand" which accounts in part for the great difference in yield. 
It appears from this table also' that in the case of plats Nos. 1, 2~ 
and 6 which received four irrigations the maximum yield from 
these plats as affected by irrigation water was · passed when 1.79 
acre feet of water Were applied and that a greater yield would 
have been secured had less water been used. 1.79 acre feet of 
water applied in plat No.6 gave less potatoes than 1.60 acre-feet 
applied in plat No.1, and that probably a greater yield would 
have resulted by using less than 1.60 acre-feet. That is, in these 
plats with four irrigations, water was applied in such 
quantity, that the yield was reduced rather than increased. In 
the same way for three irrigations as applied in plats Nos. 3 and 
5 there was a decrease in yield by using too much water. The 
point of productive value of the irrigation water was passed, a 
condition often found in practice and one to be avoided as it en-
tails a financial loss as well as a waste of water. 
Had we irrigated all the plats by the method employed in 
plat No. 1 there would have resulted a cultivated area in each 
case as shown in the last column of the table and a corresponding 
financial gain as indicated in the fifth column. 
Applying four or more irrigations and using a small amount 
of water at each irrigation would in this instance have given the 
greatest returns. 
These results like the preceding are for an unusually wet 
year. 
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Practical Use of Irrigation Water. 
Measurements were made of the amounts of water used by 
the farmers as aCtually applied to different fields and to various 
-crops. The following table gives some of the results. 
AVERAGE USE OF WATER IN PRACTICE. 
W ("ber County. 
co 
~ 1-0 
'C~ .£ 
.... c& 
QJ 
Q) ~ 1-0- I-oQ)~ .... +> 
~ ::1- ~:a~ o = o .t co 'C +> 0 o~ .+> ~ - Q) 0 = co 0 ...... 0 Q) 1-0 1-0 
z'O ~ ~ <:) z!: z::l- - <:) 0 ~ = <:)+> ~ = 
Alfalfa Clay 0 .77 I 2 I I 3.22 tons 
A lfalfa Sandy 0.83 
/ 
3 
/ 
I 4.28 tons 
Alfalfa Bench 5.10 7 I 4.80 tons 
Oats Clay 1.70 
/ 
4 
/ 
I 50 bu. 
Sandy 1.02 2 I 51 bu. 
Potatoes Clay 1.44 40 3 I 162 bu. 
Loam 2.00 6 4 I 200 bu. 
Sand 2 .71 7 5 I 144 bu. 
------
W heat Clay 1. 57 2 I I 27 .3 bu. 
Loam 1.27 3 
/ 
I 25.0 bu. 
Sandy 2.05 3 I 24 .3 bu. 
------
/ I 
4 
I 
17.5 Sugar Beets Clay 1.34 2 tons 
Loam 1.10 4 5 20.9 tons 
Carrots Sandy 1.4 12 4 /2100 lbs. 
Peas · Loam '1.32 4 24 tons 
Onion Gravelly 1.76 4 7 I 556 bu. 
Onion Sandy 2 .40 6 2 I 786 bu. 
O nions Clay 1. 78 8 4 480 bu. 
Tomatoe Sandy 1.86 9 7 14.2 tons 
Asparao'u Sandy 0.44 6 11 0.604 tons 
Peaches Sandy 1.40 2 I 3 I 90 tons 
IRRIGATION AND DRAINAGE INVESTIGATIONS, 1905-1906. 93 
Morgan County. 
Ul 
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Sugar Beets Clay 0.85 4 I 
2 
I 
13.7 tons 
Oats Clay 0 .55 2 65 bu. 
Loam 2. 16 1 I I 60 bu. 
------
Potatoes Loam 1.64 
1 
2 
I· 
4 
I 
158 bu. 
Sandy 1.57 3 3 198 bu . 
Bench 2.60 I 2 . 1 4 I 142 bu. 
------
Wheat 0 .83 
I 
1 
I I 
37 Loam bu. 
Clay 1.53 3 32 bu. 
Alfalfa Loam 1.47 
1 
2 4.38 tons 
Sandy 2 .45 7 2 .46 tons 
Bench 5.03 
1 
4 3.83 tons 
I 
Apples Loam 0.75 I 3 I 5 I 90 bu. 
The soils of Morgan Valley are more porous and have great-
er available depth than the soils adjacent to Ogden and it would 
be expected that more water would be required by the former. 
H owever, this year most water was applied to the crops at Ogden 
with the yield per acre in favor of Morgan, exct'pt for alfalfa. It 
is generally believed that the farmers adjacent to Ogden practice 
more careful irrigation than the farmers in the Morgan valley, 
"",here water is l~ore plentiful. This year's results do not jus· 
tify that belief when we consider only the water actually applied 
to the crops, but when the amount of water carried by the canals 
is taken into account, it is found that the Morgan farmer~ di-
vert from the river considerably more water per acre than do the 
farmers at Ogden.. This · is accounted for from the fact, that 
night as well as day irrigation is practiced in Ogden and generally 
only day irrigation at Morgan. In the latter case the water is 
allowed to run through the canals and laterals back into the river 
during a part of the twenty-four hours. Whether this results in 
a waste of water, the writers are not prepared to say, but they be-
Heve better results would be obtained by practicing irrigation 
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througout the day and night, for the reason, am9ng others. that a 
larger area could be brought under one canal, thus reducing the 
annual water tax per acre, probably decreasing the seepage and 
evaporation loss per acre of land irrigated and lessen the waste o f 
time in irrigating: The writers are convinced that larger yield::; 
would be obtained by having the "water turns" come oftener, 
which is possible if irrigation be practiced twenty-four hours each 
day. 
The records show for Morgan that the Weber canal diverte(l 
enough water to have covere.d the 400 acres irrigated to a deVth 
of 4}E feet, while an average of less than two feet was actually 
applied to the crops. Without this last record, it would appear 
than an excessive amount of water was being used under the 
Morgan canal and would afford opportunity for other canal com-
panies to complain of the excessive use of irrigation water by the 
Weber canal. 
It may be added in discussing the practical use of water as 
investigated the past season, that the productive value of an inch 
of irrigation water depends upon the time of its application as 
well as on the amount previously applied; that in general the 
productive value decreases with the total amount used until fi-
nally there is reached a point where if more water be applied 
the yield will be decreased. This limit for crops upon gravelly 
soils is high and not well defiend, while for clay soils the limit is 
comparatively low and fairly well defined. 
WINTER IRRIGATION. 
"Winter Irrigation" or the application of water to land dur-
ing the non-growing season has become recognized in many oi 
the western states as a potent factor in agricultural extension. 
In Utah, we have large quantities of water running to waste dur-
ing the time between the close of one irrigation season and the 
opening of the next. This water is wasted not for the lack of ad-
ditional land to irrigate, but for the lack of storage facilities. 
The irrigated area can be increased in proportion to 
the amount of water available. If then, part of this 
waste water could be retained in some way for irriga-
tion of crops by just so much would the cultivated area 
increase. Experiments have shown that water can be stored 
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in the soil for some time by proper methods of cultivation. Win-
ter irrigation consists of running the otherwise waste waters 
upon the land during the fall and spring to be reservoired within 
the soil for plants use during the following growing season. 
Little has been done in an experimental way for the purpose 
()f determining the proper time and amount of water to apply in 
winter irrigation and to what extent the practice is beneficial. 
It was thought advisable, therefore, to undertake some investiga-
. tions along these lines, particularly in connection with dry land 
agriculture. A considerable area of land could be winter irrigat-
ed for which it is impossible to secure water during the growing 
season. 
Arrangements were made to conduct this work in Box Elder, 
Tooele and Sevier Counties. The following is an outline of the 
experiments now being conducted with fall irrigation in the vici·· 
nity of Garland. 
Outline for Winter Irrigation Experiments. 
For these experiments is desired, unless otherwise noted, an 
area of from five to twe.nty acres. Before any field is selected, 
the depth to ground water, hard pan or gravel, if within eight 
feet of the surface should be determined and in no case an! 
these experiments to be conducted on soil where the gravel or 
ground water is within four feet of the surface. It is desirabl~ 
to experiment with as many of the following crops as possible ; 
Grain, alfalfa, fruit and beets. 
Grain Fall Planted-To be irrigated heavily in the fall ann 
again the following spring. If, after the fall irrigation, the sur-
face becomes dry enough, the field is to be harrowed with the 
spring-tooth harrow. 
Land for Spring Grain.-To be irrigated heavily, followed if 
possible with the disk and spring-tooth harrow. 
Alfala Fields-To be irrigated heavily and if of rather a t hin 
stand is to be cultivated with the disk harrow; if of medium heavy 
stand, to be cultivated with the spring-tooth harrow. 
Note: Alfalfa fields. upon which seed is to be raised are not 
to be cultivated with the disk harrow. 
Orchards-Irrigate heavily, keeping the water at least three 
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feet from the tree, to be followed as soon as possible .with dis~ 
and spring tooth harrows. 
Beet land-Apply light irrigation, let stand three days and 
apply heavy irrigation. Follow with the spring-tooth and disk 
harrows as soon as possible. 
Land for Dry Farm Grain-If the grain is fall planted and 
is now up, the land should be irrigated thoroughly and again in 
the spring. On a second field is to be applied a spring irrigation 
only. In each of these two experiments an area of two acres is 
desired. 
In all these ex periments, notes are to be taken of irrigations 
c?nd cultivations, growth, yield and cost of producing the. crop. 
The water is to be applied in furrows four to five feet apart 
and in all cases it is desirable to use a small stream in each fur-
row. 
The results of this work will not be apparent for another year 
and hence no further discussion is advisable at this time. 
In addition to the experimental work in winter irrigation, in-
formation is being collected on methods of winter irrigation as 
practiced by individual farmers. 
It is a prevalent practice where water is scarce to "fall irri-
gate" the alfalfa land but with few exceptions no other attempt 
has been made to apply irrigation water in the fall. 
ADDITIONAL INVESTIGATION DURING 1906. 
In addition to the work reported in this bulletin, systematic 
investigations are being made of the methods of canal manage · 
ment and water distribution as practiced in the State. The ob-
ject of these inquiries is to determine the best practice of canal 
management and water distribution and then to recommend the 
same to the different canal companies. It is a well established 
fact that the better managed canals secure a higher duty of water 
than do those poorly managed. There are a great many device::; 
now in use for the distribution of the water from the canals lO 
the laterals, very few of which are satisfactory. In a majority 
of cases the shar·eholders . neare~t the head gate secures the green-
est amount of water per share while the farmer at the lower end 
of the canal in Some instances secures less than half his propor-
tion of the water. 
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It has developed from our inquiries in a great majority of 
cases that where the annual water tax has .increased during the 
past five years it has been caused by litigation. This litigation 
is the result in most instances of a lack of a system of apportion-
ing the water of the stream among its several appropriator..;. 
There has been outlined and is now in force an agreement which 
was suggested by the ' irirgation engineer of the station for the 
distribution of the water of Logan River among the several 
canals taking water therefrom. The results of the work under 
this agreement will be watched ~nd reported at a later date. The 
agreement was. entered into mainly for the purpose of averting 
litigation and for mutual. protection against future water appro-
priators from this stream. 
Information is also being collected upon the building an(~ 
constructing of small reservoirs by individuals for the purpose of 
recommending to the people the best practice in the building of 
small reservoir dams for the storage of water. 
Investigations are now under way on the effect of the appli-
cation of irrigation water on the rise and fall of the under-grouno 
water in the various agricultural sections of the State. 
Weare spending considerable time visiting sections in which 
Irrigation is being practiced for the first time in order to assist in 
establishing a system of irrigation which will be for the ultimate 
good of the new settlers. It is found that this work is very bene-
ficial and much appreciated. The aim of these investigations is 
to be of service to the agricultural interests of the State in every 
way possible and particularly to guard against future evils which 
may result through improper methods of irrigation and drainage. 
The Utah Experiment Station stands ready at all times to render 
assistance to any community of the State. 
REPORT OF DRAINAGE INVESTIGATIONS AND EX-
PERIMENTS IN UTAH DURING THE YEARS 
1905-6. 
By C. 'I , t ste .b ,F. Brown, 
An act of the Dtan tate egIs ature approved February 21~ 
1905, appropriated $5,000 annually for the years 1905 and 1906, 
for inve tigations and experiments in irrigation and in the re-
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clamation of alkali and water-logged lands in the State, on condi-
tion that Irrigation and Drainage Investigations vf the U. S. De-
partment of Agriculture appropriate a like amount for the pur-
pose. The act stipulates that the work shall be planned and exe·· 
cuted jointly by the Utah Experiment Station and Office of Ex-
periment Stations of the Department of Agriculture. By the 
terms of the cooperative agreement mutually arranged by these 
parties, $3,000 of the joint appropriation was to be used for drain·· 
age investigations and experiments in 1905, and $4,000 in 1906, 
the work to be under the immediate supervision of the Irrigation 
and Drainage Investigations of the Office of Experiment Stations, 
reports to be made to the State Station. The report herewith 
submitted covers the work conducted in the State in accordance 
with this agreement and gives the results thus far obtained. 
The necessity for ascertaining some practical method of re-
claiming water-logged and alkali lands, which furnished the occa-
sion for the appropriation made by the State, has been greatly 
emphasized by further investigations. There is scarcely a local-
ity where irrigation is practiced which does not include a consid-
erable area of land once profitably cultivated but now either 
wholly abandoned or indifferenly productive from this cause. This 
state of affairs works a great hardship upon many . farmers and 
in some instances has so reduced the value of their lands that 
they are poorly able to undertake a work involving much expense 
in bringing about a betterment of their conidtions. Such efforts 
are not likely to be made whenever there is a doubt about the 
success of the undertaking. These areas are found from Cache 
County on the north to Washington County on the south, under 
a great variety gf climatic and soil conditions. In some cases 
they are dist~nt from railroad facilities and supply points, and in 
every case a local investigation or experiment is necessary to as · 
certain the requirements in each section. 
A preliminary review of the situation in the State has led to 
the conclusion that the first steps to be taken should be of a prac-
tical nature with a view of finding a method of drainage wh ich 
farmers could put in practice without delay. The constant an-
nual increase in the acreage of water-logged land and its train of 
ruin in every district suggested dispatch in the preliminary work. 
It also suggested the wisdom of co-operating with the farmers in 
t he several localities where investigations were asked for, tv 
, 
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bring about quicker results. By this means farmers would be-
come personally interested and the results accruing from the 
work would be better received than if the Department or the 
State should carryon the work independently. Besides this, any 
experimental work in drainage would be of more or less benefit 
to the larid operated upon for which the owners should be willing 
to pay. While there are scientific questions connected with this 
work requiring investgations, the practical features come first 
and. appeal more strongly to the farmer. 
Hyde Park, Cache County. 
In 1904, one year previous to the beginning of cooperative in-
vestigations with the State, the office of Irrigation and. Drainage 
Investigations cooperated with three farmers of Hyde Park, 
Cache County in an experiment to drain fields which formerly 
had been used for the growing of wheat, beets, and alfalfa, but 
of late years had been abandoned to timothy and clover on ac-
count of the subirrigation, which had rendered them unfit for cul-
tivation. Upon examination it was found that those fields were 
a part of a belt of land lying between Hyde Park and Logan, near 
the foot of the main irrigated bench, a large part of which had be-
come too wet for cultivation and in some cases produced only 
water grass. This strip of land, estimated at 2,000 acres, had th(~ 
reputation of once being the most valuable land in the valley. 
The · wet area was gradually extending itself towards higher 
ground and encroaching upon fields suitable for the growing of 
beets, whicn crop is one of the most profitable produced. Detach-
ed fields and parts of fields occupying higher ground were founu 
in a similar condition. This land rarely showed injury from al-
kali, though many thousand acres upon the flats nearer the river, 
possessing a different soil, are badly alkalied and used only for 
grazing purposes. 
The soil of the fields which required drainage, consists of a 
black loam underlaid with yellow clay, both of which are of an 
open natt~re and permit -the passage of water quite freely. It wa., 
noted that when the fields upon the upper bench land, one-:haJf 
to three-quarters mile distant and 50 or more feet higher, were 
irrigated, the waste soil-water appeared on the lower levels .about 
36 hours later, indicating that the primary cause of the wet con-
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dition of the lower lands was the waste from the more elevated 
fields. Owing to this the lower lands were not irrigated. For 
a time this was a welcomed convenience for their owners, but 
later the wetness of the soil increased beyond the point req uired 
for producing cultivated crops. 
l . 
\jrrlqate d I Fields / 
1~ 
oa 
Roa 
~I~ 
Fig. I-Tile Drainage Experiment at Hyde Park, Cache County, Utah. 
A plan (fig. 1) was made for draining a field of 30 acres, re-
quiring the use of a tile drain (A A) 4 feet to 5 feet deep, placed 
nearly parrallel to the upper edge of the wet portion of the fiel d_ 
This was constructed of 8-inch and 6-inch drain tile and discharg-
ed at a depth of 3 feet into a waste ditch, which was deepened 
for the purpose. A second drain of 5 inch tile (B ) w as made in 
the interior of the field, at the lower border of the saturated belt 
and where water accumulated when applied directly to the field .. 
The latter was only 30 feet deep. By ag reement w ith the own 
ers, the office furnished the tile for the w ork at the Hyde Park 
railroad station, the farmers ag reeing to do all work connected 
with putting in the drains and granting the office the right to u~e ' 
the field for drainage experiments. The accompanying plat (fig-
1) represents the location of the drains and the surface condition 
of the land upon which the work was done. The owners being 
unable to maintain the waste ditch outlet at the depth requirell 
to afford a satisfactory ol1tlet for the tile, drain C was laid the fol-
lowing summer, it being 4 feet deep at the discharging point of 
the drains previously laid, and two feet deep where ,it discharge~ 
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into the waste ditch at the road. The grade is 0.4 foot per 100 
feet. The effect of this better outlet was to reduce the permanent 
water level in the field to within six inches of the bottom of the 
drains and also give complete drainage to the portion of the fieJrl 
crossed by drain C, which before its construction was wet. 
When the trenches were dug it was noticed that water en-
tered them freely through crevices and channels of the soil, some 
as large as a lead pencil, and that when the trench was finished 
the supply through the bottom was constant. The subsoil is 
granular clay, somewhat stratified and sufficiently open to admit 
the moderately free passage of water. It may on the whole be 
regarded as a soil for which tile or other underdrains are well 
suited, there being sufficient clay to prevent the entrance of silt 
or sand. There are, however, occasional sand pockets encoun-
tered, which, when filled with water, give difficulty in making 
the drains. 
Preceding and following the construction of the drains, a 
study <?f subsoil water conditions was made by aid of soil-water 
wells established for the purpose. A record of the fluctuations of 
the water table was kept from which the movement of water and 
the effect of the drains was determined. It seems con-
clusively established that the saturation of the lower lands .re-
suIts from the irrigation of fields on the higher levels, and that 
the water passes through the soil along the line of greatest sur-
face slope until it reaches the more level sections, where it accu·· 
mulates. Owing to the structure of the soil, ground. water passes 
more readily through some parts than others, thus giving the 
water an uneven distribution, causing wet spots rather than a 
uniformly saturated condition of fields as might be expected. 
The following brief statement of data collected, resu1ts ob-
tained, and conclusions reached, is of value to farmers owning wet 
land in that region. Two conditions should be considered in 
locating the drains in lands of this class. First, a drain should 
be located to intercept the soil water from the higher bench es and 
should be placed across the slope near the line between the dry 
and wet land. This may be 50 feet down the 'slope from the uppe,-
edge of the land showing wet. Second, a drain should also pass 
through the land showing the greatest degree of wetness. This 
is required for the reason that the method of irrigation employed 
fills up the lower soil more rapidly than it will take care of the 
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surplus, requiring a drain to supplement natural drainage in re-
moving waste irrigation water. The latter will not take the place 
of the former, but in some instances the intercepting drain will 
fully dry the field, depending much upon the surface contour and 
subsoil of the wet land. 
A depth of not less than four feet appears to give best re-
sults. A greater depth is to be preferred and may sometimes be 
necessary, but considering the difficulty of maintaining outlets 
and the cost of digging the trenches, it is probable that this 1.s 
the most practical depth. The flow of water through the drains 
is much greater during the first season after construction than 
later. Under the conditions described and owing to the subse-
quent ·construction of other drains, eight inch tile instead of 10 
inch tile could be used on drain C, and six inch instead of eight 
inch on drain A. It is not best to use smaller than five inch tile 
for any drain for the reason that there is always a possibility of 
th~ entrance of silt from sand pockets in the soil and it is some-
times desirable to admit waste water from the surfac~ and also 
to flush the pipes from an irrigation ditch. 
It is noticed that in the method of irrigating here employed, 
water fills the soil in the low places at every irrigation, under 
whi.ch condition an underdrain is required to remove the sur-
plus. No special difficulty arising from irrigation water was~­
mg holes in the soil to the drains was encountered after t.he first 
year, though constant watchfulness is required at such times to 
prevent injury of this kind. Excavating the ditches cost, as re-
ported by the" farmers who did the work, 40 cents per rod for the 
smaller ones and 50 cents for the larger ones, where the depth 
does not exceed four feet. The drain tile cost at the H yde Park 
railroad station as follows :-5-inch, $58 ; 6-inch, $75 ; 8-inch, $120 ; 
10-inch, $182 per thousand feet. 
T he fields represented on the plat are thoroughly drained by 
the lines shown. Fifty bushels of wheat and 100 bushels of oats 
per acre have been grown upon such portions as were plowed, an,,! 
18 tons or more of beets were grown in 1906 upon all t he land 
planted to this crop, which w as about 25 acres. A further effeet 
of the drains is the improvement of the wet land adjoining the 
drained fields on the lower side. The work is being extended by 
farmers who wish to restore their wet meadows to wh eat , beet, 
and alfalfa fiel ds, som e putting in temporary brush drain , and 
IRRIGATION AND DRAINAGE INVESTIGATIONS, 1905-1906. 103 
the more laboriously made stone drains, which for th e present 
are attended with a fair degree of success. 
There is a tendency on the part of farmers to neglect the fol-
lowing essential points in constructing tile drains. The bottom 
of the trench should be accurately graded and if possible upon a 
slope of not less than 2~ inches to 100 feet, though one-half that 
grade may be used as a minimum. If sand pockets are encoun-
t ered, clay or soil should be filled in until a firm bed is secured 
upon which to place the tile ; if this method fails, use a board for 
the bottom, cover the tile with the most compact clay obtainable 
and compact the entire filling of the trench by tamping thorough-
ly with the feet for the first 18 inches above the tile, and then by 
a log drawn by a team back and forth in the trench as filling pro-
ceeds. Every means should be taken to prevent irrigation water 
from passing through the trench filling more readily than 
through the natural soil on either side of it. 
Cooperative State Investigations. 
Pursuant to th e agreement between the State Experiment 
Station and Irrigation and Drainage Investigations before refer-
red to, Mr. Charles F. Brown, drainage engineer of the latter of-
fice was placed in charge of field operations under the direction 
of the main office, and began work July 9, 1905. Additional 
drains w ere laid out at Hyde Park for farmers who w ished to 
extend the work previously shown to be successful , but no fur-
ther assistance was rendered in that locality. 
Correspondence received at the State Experiment ~tation 
from citizens of Castle Valley in Emery County, represented that 
region to be badly in need of drainage, and requested assistance 
under the provisions of the State appropriation for drainage. A 
personal inspection of the fiel ds showed conditions which merited 
attention and demanded prompt relief if such be devised. Thl! 
settlements at Huntington, Orangeville, Castledale, and Ferro l1 ~ 
include lands in all stages of ruin from the field just beginning to 
"swamp" to the desolate bogs whose miry depths are concealed 
by snow-white alkali during the dry season of the year. It is 
safe to say that 30 per cent of the land formerly under irrigation 
and cultivation is now practically valueless, being either charged 
with alkali or boggy. Town gardens and outlying fiel ds are alik~ 
in this respect. The general appearance and condition of the lap, l 
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is similar at all of the points named. These changes have been 
going on for ten or more years and portions of fields are yearly 
added to the abandoned area. 
The Huntington area is fairly representative of the valley 
and was selected for special examination and ' experiment. Mr. 
Edward L. Geary, the owner of the S. W. 1i of S. E. 1i Sec. 25, 
T. 16 S., range 8 E., S. L. B. and M. agreed to do the necessary 
trenching if this 40 acres should be selected for the experiment. 
The Board of County Commissioners appropriated $200 towards 
the project. The above described 40 acres lying one mile south of 
the town of Huntington. shown on the contour map by (fig. 2) 
wa~ selected as representing one of the most difficult areas ta 
Fig 2-Conto ur Map of Sou~h Huntington Field, T. 16 S ., R. 8 E. 
drain' , Mr. Geary, the owner, was to do the trenching, estimated 
at .$300, the balance of the cost to be paid from the joint Federai 
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and State funds with the exception of $200 appropriated by the 
County, which was also to be applied to this work. 
A soil survey of the tract made by Mr. A. T. Strahorn of 
Bureau of Soils, describes the soil as a loam, a part of which con-
tains some fine sand and is called a fine sandy loam. It is under-
laid with a hardpan of a black shale nature, 18 inches to 10 feet 
beneath the surface. The hardpan in some places is hard and 
black when first taken from the ground. After being exposed 
a few days the blocks take on a gray color and soon become cov-
ered with a coat of soluble saIts. Longer exposure results in the 
complete breaking up of the mass, forming finally a heavy soil 
usually carrying much alkali. The report further says that this 
structure and alkali content of the hardpan is responsible for the 
alkali and water-logged condition of the land. 
The field in question contained three bogs, where the hard-
pan is found 18 inches from the surface, to which the water ros~ 
continuously and flowed away and played no small part in keep-
ing the surrounding soil saturated. It is evident that the water 
has its source in the higher irrigated lands' lying at the north and 
west of the field, which as will be seen by referring to the map 
slopes southeasterly toward the Geary tract at the rate of 60 feet 
per mile. The water used for irrigating is taken from the Hunt-
ington river, and according to the soil survey contains 56 parts of 
total salts in 100,000, of which much the larger quantity consists 
of sulfates. It is also authoritatively stated that there is no 
black alkali on the land. The following is the survey' analysis 
of the alkali crust found on the land:-
Composition of Alkali Crust. 
Names 
Calcium sulfate .................. 
Magnesium sulfate ............... . 
Sodium sulfate .................. . 
Potassium chloride ............... . 
Sodium chloride ................. . 
odium bicarbonate .............. . 
Per Cent. 
4.72 
26.80 
65.49 
0.67 
1.75 
0.57 
100. 
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About 40 per cent of the fi~ld shows over 1 per cent of total 
salts in the first six feet, and a larger per cent contains over 1 peT 
cent in the upper twelve inches. The preceding notes taken from 
Mr. Strahorn's report and other examinations made preliminary 
to drai~age operations show that the soil of the tract was highly 
charged with salts, that these were largely derived from the hard-
pan and soil itself, and that the water which produced the wet 
condition of the land came from the higher elevation at . the north-
west by percolation through shale strata and soil. 
The following plan of draining the tract seemed to promi:;~ 
the best results (fig. 3). A drain was placed upon the ncrth and 
west sides to intercept the soil water which came upon the north 
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and west side, to intercept the soil water which came from tht 
irrigated lands above it, and another through the interior to drain 
the shale bogs which appeared to receive their water from some 
distant source. This plan required a drain to surround the tract · 
in order to secure a point of discharge for the drains. Besides the 
drains affecting the field direct, it was necessary to make 740 feet. 
of drain to reach a wash into which to discharge the dTainagc 
water of the field. Lumber was the only material available for 
drains and was hauled from mills in the mountains 25 miles dis-
tant. The outlet drain was made of plank 2 inches thick, the sides-
were made 8 inches wide, and top 12 inches wide, making an 
opening of 8 inches by 8 inches. Other drains were made of lum-
ber 1 inch thick, sides 6 inches wide, top 8 inches, making an 
opening of 6 by 8 inches. Ordinarily there were no bottoms ex-
cept tie cross pieces placed 4 feet apart, though where the earth 
was extremely soft boards were placed on the bottom of the tie-
I b l 
Fig. 4-(a) and (b) Drain Boxes Used on Geary Farm. 
(c) Section of Relief Well. 
pieces (a and b Fig 4). The plan was to place the drains betweell 
4 and 5 feet deep. The tren~hing was easily done where the 
ground was moderately dry, but on the north and west sides and 
through the interior the utmost difficulty was experienced. It 
was necessary to curb the sides with plank in order to put the-
drain boxes in place. The mud was so thin that it fill ed the 
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boxes from the bottom ann bottom boards were used to 
]Jrevent it. The land between the interior shale bogs was so wet 
~hat .it was impossible to lay 1 he drain deeper than 3 feet. The. 
bog spots, however, were penetrated 5 and 6 feet deep as the shale 
in them, with the exception of thr~ top 2 feet, was hard, requiring 
the use of the pick in excavating portion's of it. Water flowed into 
the ditch freely through the ~revices on the side and from th<.! 
bottom. The d~tch was ri11g 6 feet deep in the north bog but 
water continued to come up from the bottom. A relief well (C 
Fg.4) was sunk 4 feet below the drain from which water rose and 
passed off through the drain, showing that a part of the water 
which supplied the bog- came from a depth of 10 feet. Such dif..: 
iiculty was found in excavating the ditch in the soft ground that 
a stream of water was turned from the irrigation ditch and per-
mitted to wash away the soft soil. While this method made a 
large ditch , it enabled the workmen to place the boxes perfectly. 
Difficulty was found in making the north 600 feet of the west 
crain, a section where the water from the west appeared to enter 
the field in larger quantities than elsewhere. The workmen were 
unable to make the ditch deeper than 4 feet or to place the boxes 
properly owing to the almost fluid nature of the earth at this sec-
tion. 
Soil water wells were established as shown ' on the plat, by 
means of which the postion of the water line and effect of the 
drains could be followed. During the fall of 1905 and spring of 
1906 the w'e11 showed that the ground water stood too high in 
'many portions of the field. An examination of the drain on th~~ 
w est side revealed the fact that in ,addition to its being too shal-
low, the mud had pressed into it from the bottom and filled it. 
The condition of the soil was such that it could not be cleaned or 
r elaid. The water method of cutting ditches was again resorted 
to and a trench parallel to the drain was cut a little at a time to a 
depth of 6 feet during the summer of 1906. The effect of this was 
to dry up the water in all of the test wells and to complete the 
drainage of the field with the exception of the lower portion of 
the north bog, wher the drain was' shallow. Boxes with bottoms 
will be laid in the "washed" ditch and it will then be fi lled. In 
October 1906 the field was sufficiently dry to plow. The ground 
at this writing ( ovember 1906) is in such a condition that the in-
t erior drain between the bogs can be placed 4Yz feet deep as origi-
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nally intended, and arrangements have been made to do it the 
present fall , as it is feared that the central drain is not deep 
enough except through the bogs, to give permanent drainage to 
th~ interior of the field-
The backfilling of the trenches was done with team and plow 
after the boxes had been carefully covered with earth and tamped 
by hand labor. Mr. Geary had great difficulty in irrigating be· 
cause the water entered the trenches readily and soon washed a 
hole into t1'le drains. If practicable the trenches should be fillc(l 
when the earth is moist or wet and great pains taken to compact 
it thor:iUghly. In any event the trench must be watched with 
vigilance, especially during the season following the construction 
of drains. In the Yakima Valley, Washington, irrigation of 
drained land is much faciltiated by conducting the water acros;:; 
the drains through temporary troughs or flumes,and also by pro-
viding inlets for surface water to the drains into which the waste 
water is conducted through movable wooden spouts. 
The work on the Huntington field was ardous and discourag-
ing because of the extreme wetness of the soil and its consequent 
unstable condition. The depth from which the water cam e into 
the field and the peculiar hardpan conditions before describeu 
made it difficult both to locate and construct drains that would 
accomplish the desired object. The salts on the surface of th\.! 
soil being largely sulfates, are easily dissolved and removed, but 
it is essential that the soil water which passes through the hard-
pan or shale-like structure be prevented from coming to the sur·· 
face since it is highly charged with mineral in solution and when 
evaporated from the surface will afford a constant supply of 
alkali. 
The drainage of this tract leads to some conclusions which 
concern the entire Castle Valley. It may . be observed first th at 
every drain which intercepts and leads soil water to an outlet 
lessens the difficulty of draining land adjoining it on the lower 
side of the slope. The land on the north and west of the Gearv 
tract was flooded with water both summer and winter, and havin~ 
":) 
a slope of 15 inches in 100 feet, subjected the drainage tract to a 
constant underground water pressure. The surface fl ow could 
be intercepted by waste ditches, but the underflow only by under-
drains. The slope is so great that it is probable that every 40 
acres will require one or two drains. If the water were shut off 
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from all the fields about harvest time so that the ground water 
would be decreased, it is believed that drains can be made with 
much less difficulty than was experienced in this experiment. 
Lumber seems to be the only material available for drains. On 
account of the fall in the land, 12 inches to 18 inches per hundred 
feet, and the soft condition of the soil, it will be best to use boxe:, 
with bottoms placed outside of the tie pieces, especially in soit 
ground. Ordinarily field drains may then be made with sides 6 
inches wide and top and bottom board 8 inches wide. 
The cost of the ' drain laid was 11 1-5 cents per foot. Th~ 
trenching cost 2~ cents per foot where the ground was in gOOtt 
condition, but a considerable part of the ditches required curb-
ing and other special treatment requiring unusual labor in placing 
the drains, which greatly increased the cost. The lumber was 
hauled 25 miles and cost $18 per thousand feet delivered on the 
field . It is believed that ~y taking 80 to 200 acres under one pro-
ject and shutting off the water supply for a time from the slopes 
above the area to be drained, the wet lands in this part of the 
valley can be made dry at a cost not exceeding $10 an acre. An 
examination of the earth through which the Huntington canal is 
-constructed gives good reason for believing that a large per cent 
of the water is lost by seepage and adds no small amount to the 
supply which swamps the cultivated land. Close observation is 
required to locate the under supply which works the injury to the 
land. As shown by the experiment described, water may b~ 
found in copious quantities 10 feet below the surf.ace, giving a 
constant supply through the shaley hardpan above, to the surface. 
wells, at such points, in connection with drains, greatly assist in 
reducing the supply of water. The attempt to drain the soil with-
out first cutting off the ouside supply, failed 'in the field under 
discussion. 
The agreement of the Office of E xperiment Stations and thf! 
State Station with Mr. Geary, gives to the former the right to add 
to or modify the drains and to keep a record of their action and 
results for a term of three years from August 1905. 
W here the subsoil is in a semi-fluid condition, the method 
of cutting the ditches with the aid of a stream of water seems to 
be practicable where the material can be discha,rged without in-
jury to other land, and in such cases is to be recommended. The 
concentration of water at various points by the stratified hardpan 
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makes the drainage of fields here a local problem as far as field 
treatment is concerned, but several sections have deep washes 
available into which to discharge drainage water. This is especi-
ally true of the town of Huntington, where drainage is a necessity 
for restoring the lots and gardens to productiveness. Deep drains. 
though difficult and expensive to make, are absolutely essential to 
success in drying the land in this valley. 
Washington County. 
The settlement which was made on the Virgin River in 
Washington County in 1860 is notable by reason of the daring 
and enterprise exhibited by the settlers at that time, and the de-
velopment of that region which has been accomplished under 
more than usual difficulties. St. George, the principal town of the 
region, is 65 miles by stage from Modena, the nearest railroarI 
point. The entire valley is noted for its mild climate and the pru-
duction of fruits and crops indigenous to a semitropical region. 
As early as ·1885 some of the low lands under the old canal were 
abandoned because of an excess of water and alkali. The ex-
pense of rebuilding several dams in Virgin River and the cana13 
for the supplying of the water had brought the cost of the land 
reclaimed up to $67.50 per acre. The last field brought under ir· 
rigation is called Lower Washington Field, which is believed to 
be an old lake bed and contains approximately one thousand 
acres. Water is upplied to this field by a canal which encom-
passes it on three sides. For four or five years after its reclama-
-tion enormous crops were grown upon the field. Soon, however, 
it was found that a portion of the lower land was saturated, anct 
an attempt was made to relieve the situation by a ditch construct-
ed through the lowest ground and leading finally to the river. 
This, however, had but little effect and the area of injured land, 
which at first was small, gradually extended until at the t ime 
these investigations began fully one-half of the lower Washing-
ton Field was abandoned, a part becoming a bog fill ed with tules 
and other parts wholly or partially unproductive. A conserva-
tive estimate of the ann~al net value of the crops from these lands 
when in good condition is $20 to $22 per acre, while for the crops 
requiring more extensive culture, such as fruit and vegetables, 
the value is much greater. 
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A survey of the soil of this area made by Mr. Strahorn of thl~ 
Bureau of Soils, includes a classification of the soil by types and 
the location and percentage of alkali found in the different sec-
tions of the field. Four types of soil are described differing main" 
ly only in the percentage of very fine sand as determined by me-
chanical analyses. The content in total salts runs as high as 3 
per cent, none being less than 1 per cent. He reports no carboN-
ates, the alkali of the soil being confined to the sulfates, which is 
regarded as an encouraging feature. The field test of the water 
used in irrigation shows the presence of about 169 parts of total 
salts to 100,000 parts of water. Hardpan occurs in a narrow strip 
next to the canal in the southwestern part of the field. It is a gyp" 
sum and sand hardpan which before the application of water was 
very compact but since the soil has beeen wet it is largely broken 
and can be handled with a shovel. While hardpan may have been 
a factor in the concentration of water in this field , it does not now 
appear to materially effect either the disribution of water or its 
percolation through that, soil which has become wet. The report 
of Mr. Strahorn shows that varying quantities of salts are found 
in spots which occur at irregular intervals over the saturated 
portion of the field. 
In October, 1905, an agreement was entered into between five 
of the owners of adjoining land in Washington Field and th e Of-
fice of Experiment Stations in conjunction with the State Station 
by which the former were to perform the work required in carry -
ing out the experimental plan of drainage and the latter to ftlrnish 
the material upon the ground and supervise the laying out and 
construction of th e drains. The plan adopted, as show n in figure 
5, consists of parallel drains laid diagonally with the greatest 
lope of the land and discharging into a waste ditch which was 
to be deepened sufficiently to permit the laying of the underdrain 
to a depth of four feet. In the absence of better material, lumber 
was to be used fo!" these drains, made like those described in the 
Hl1'1tington experiment except that the boards for the sides were 
to I·,' si:~ l~~hes wide' instead of eight inches. The lumber for this 
work was hauled from the mountains a distance of 100 miles, and 
cost delivt;-ed upon the field $31.50 per thousand feet. The drain 
highest on the slope was placed at what was regarded as the up-
per edge of the saturated belt, the object of this location being 
to intercept the underground water which percolated from the 
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land lying between it and the supply ditch on the east. The 
drains farther down the slope were intended to interecept such 
water as passed the upper drain and also to afford ample facili-
ties for the removal of such irrigation water as would be applied 
to the land, especially for the flooding out of the excess of alkali . 
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Fig. 5-Topographical Map of Washington Field, Utah. 
Only one drain was laid in some portions of the field to ascertain 
the effect it would have upon the soil on the slope below ir. 
Eleven test wells, as indicated on the map, were made for the 
purpose of ascertaining by measurement the fluctuations of the 
water and the effect of the drains upon the water table in the 
several fields. The drains as laid out were completed-in Decem-
ber, 1905. The water level was found, in some instances, at 2 
feet from the surface, and considerable difficulty was experienced 
in digging the ditches and laying the boxes in SOme sections on 
account of the semi-fluid condition of the lower soil. 
The total number of feet of drain laid was 7,893, the average 
depth being 4~ feet. The actual average cost for labor in digging 
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trenches, making the boxes, laying the drains, and filling the 
ditch was $4.81 per hundred feet, the cost for materials and sur-
veying was $6.40 per hundred feet, making a total $11.21 per hun-
dred feet and $1.85 per rod. The cost of labor is determined by 
keeping account of the time actually taken by the farmers, who 
performed the labor themselves and reckoned at $2 a day for 9 
hours work. It should be said in this connection that the field 
is 6 miles from St. George where the farmers live, which fact 
detracts very materially from the efficiency and value of labor, 
not only in the construction of drains but in the annual operation 
of the fields. It is difficult under such conditions to watch fields 
closely and attend to those details of cultivation and irrigation 
so essential to a high degree of success, especially in the manage-
ment of irrigation water. 
The work was laid out and supervised by Mr. Brown. Mr. 
McArthur, one of the owners of the drained fields, measured and 
recorded the position of the water table in the test wells during 
the winter and summer of 1906. The following account of the ac·· 
tion of the drains and their effect upon the fiel,ds is condensed 
from the several field reports of Mr. Brown, who received weekl~r 
reports and also inspected the area operated upon at two differ-
ent times during the season. 
The weekly measurements of the depths of ground watel 
showed that during the winter the drains operated well and thl: 
ground water remained low. As soon as spring irrigation began 
much trouble was experienced in preventing the surface water 
from entering the drains in large streams which washed the fine 
~0i1 into them, causing obstructions. ' The earth contains consid-
erable fine sand with little clay, which when wet melted away 
easily and passed into the drains and in some instances clogged 
them. No special caution was taken in the filling of the tren~hes. 
to compact the earth in such a way as to obviate this injury. In 
fact, the nature of the soil is such that more than ordinary precau-
tions are necessary to compact newly moved earth so that it wil! 
be as solid as that in place . . The drains were opened at times anu 
the obstruction re.moved. Check gates were also placed at vari-
ous points in the drains so that they could be closed when irriga.· 
tion water was applied and afterwards opened for drainage pur-
poses. This plan is practiced successfully in some other localities 
where like difficulties are experienced in irrigating underdrained 
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land. These precautions did not, however, fully accomplish th ·~ 
object, although it is believed that much of the injury found was 
done previous to the placing of the gates. 
I t should be observed in this connection that the drains were 
laid upon different grades, the lower part of each drain being 
upon a grade of 0.1 to 0.3 per hundred feet, while the head end of 
the drains had a grade of one foot per hundred feet. The sand~' 
soil which gathered in the upper portion, lodged in the portion 
with flat grades, occasioning obstructions at those points. For 
this reason a part of some of the drains became ino'perative and 
the water level in the soil on a portion of the tract remained too 
high. 
It appeared also that the drains in some places were not dee~) 
enough to intercept all of the underflow. Twenty acres of th~ 
land which was in alfalfa, responded to the drains by an improved 
yield in the crop. An attempt was made to grow sorghum upon 
a tract which had been abandoned, without special treatment of 
the soil for the removal of alkali, but the growth of the plants 
was spotted and on the whole was not satisfactory. It would 
seem that the main difficulty in this experiment was first in main-
taining the drains, the second in their lack of sufficient depth in 
some places at least, to intercept the water. The experience here 
shows that drains in soils of this char~cter should have a grad~ 
of at least 0.3 foot per hundred and that a grade of more than O.G. 
is undesirable. The first is required for the removal of such silt 
a~ unavoildably reaches the drain, and the second limitation IS. 
required because of the erosion of the bottom of the drain whe:l 
full of water. To bring the grade of the drains within these limits. 
it would be necessary to locate them more nearly on contour 
lines, thus making them less regular and more uniform in their 
distance apart· 
It is also essential that during the first season after the con-
struction of the drains, as has been mentioned in the report of the 
Huntington work, that little irrigation water should be allowed 
to run over the filled trenches. It is suo-gested that a furrow be 
run to each side of the trench as near to it as practicable, for the 
purpose of cutting off an y irrigation water used on the tract be-
tween the drains, and that provision for waste water to enter the 
drains be made at intervals w here it may be conducted from these 
furrows by means of wooden troughs or spouts. At such plac~s 
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:a vertical box 6 by 6 inches may be placed, reaching from the sur-
, face to 'the drain" at which point a bottom board should be placed 
-to prevent the erosion of the bottom of the drain by the wate:-
w hich flows into it from the surface. At times when convenient 
water might be admitted to the trenches for the purpose of set-
,t ling the earth, which atfer the first season would probably giv~ 
but little trouble, such as has been mentioned. More precautions 
,should also be taken in the filling of the ditch at the time of the 
-completion of the drain. 
The following additional work is planned for this experi:" 
'ment: First, it is proposed to make surface openings to the drains 
.such as have been described, at points where there appeared to 
h e obstructions, and at suitable times to permit a stream of clear 
w ater to enter with a view of removing the obstructions in the 
d rains where the minimum grade has been used. 
Second, to coristruct an additional drain as shown upon the 
p lat, in the line of greatest slope and in a section of the field in 
which water appears to concentrate, the same to be placed deeper 
than any of those so far used. It is proposed to co-operate with 
t he owners of the land in the construction of this drain, upon the 
same terms as governed the works of 1905. The expense to b , 
borne by the Department and State for material is estimated at 
$300, and arrangements a!e being perfected at this date (Novem --
her) to construct the drain during the winter. As yet no special 
t rc!atment for the relief of the soil from alkali has been undertaken· 
It is believed that the proposed drain together with those ' alread~­
-installed will indicate the plan that may be profitably followed td 
m ake the land dry, after which special attention should be given 
t o the complete reclamation of the injured soil. If these drain~ 
an be properly lo~ated and placed sufficiently deep, but few will 
be needed. 
It will also be important to have a few drains upon the lower 
s ide of th e slope in each case into which surface irrigation water 
ca~ be conducted, thus lowering the level of the waste water and 
obviating the injury it does when discharged into a shallow wast~ 
ditch. 
It seems quite clear also that more care is required in the ap-
plication of water to fields which have underdrains than to thosf! 
which have none. This is usually found true elsewhere in loca-
tions where the soil is of an ash nature or exceedingly fine and de-
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void of the clay element. It will necessitate more labor upon the 
given area of land and a correspondingly better return from the 
land. The fertility of the soil and the profits which it may be 
made to y ield when under favorable conditions, will justify the 
care and labor which this contingency in the management of ir-
rigated lands has forced upon its owners. ' 
Operations in 1906. 
An exam.ination of the land irrigated by the Bear River 
canals in Box Elder County shows that much of the land valuable 
for the growing of sugar beets has been abandoned to salt grass 
and fox tail, while much of that which is being cropped shows 
injury, which has increased noticeably during the last two years .. 
In the soil report o,f Jenson and Strahorn, of the Bureau of Soil:; 
(1904), it is stated that the only areas which are entirely free 
from alkali are in the northern end of the valley from Tremont to 
Fielding, and along the mountain slope on the east side. It is-
significant to note that alkali and water-logging have developed 
since that survey was made to such an extent that between Gar-
land and Riverside, the center of the free district, is an area which 
now shows water-logging and consequent alkali conditions. It 
is here that arragements were made with eleven land owners to 
co-operate in the construction of a system of tile tirainage for 
preventing further injury to that most productive section. The 
land is within two miles of the town of Garland, which is the cen-
ter of the sugar beet area of that county. The conditions found 
here were some what different from those in the experiments bc-· 
{ore noted. No part of the land was entirely unproductive and~ 
the alkali had . not accumulated to an injurious extent. The' 
ground was so filled with water that planting in the spring was· 
greatly delayed and the rains which followed destroyed the crolJ· 
in the portions of the fields where light natural depressions ex-
isted. On this account drainage is needed not only to lower the 
ground water which accumulates from irrigation but to remove 
the rain water which falls in large quantities during some spring 
seasons. 
A plan of drainage was made by Mr. Brown directly affect-
ing an area of 200 acres but indirectly benefitting four or fivt! 
hundred acres. The plan specified the use of drain tile aggregate 
ing 6,300 feet, varying in size from 5 inches in diameter to 10 in-
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<.:hes In diameter, the estimated cost of which was $610.32, or 
which $190.55 was to be contributed from the State and Federal 
fund, the farmers concerned to bear the balance of the expense 
including the labor of digging the trenches and placing the 
drains. The entire expense w.as estimated at $820.32; this with th~ 
exception of the amount contributed from the State and Federa 1 
fund, was divided among the eleven land owners in proportion 
to the acreage owned by each and the degree of benefit conferre(l 
upon the land by the work. It should be said that one of the 
most expensive parts of this drain was the outlet, which was con-
structed along the highway for a distance of 2,240 feet, in which 
.8-inch and 10-inch tile were used. This work was begun in June 
but proceeded slowly on account of the scarcity of labor which in 
the fall was so great that for a time no work was done. At this 
·date work has been resumed with indications that the drains wlli 
b~ completed before winter sets in. While the field system ha~ 
'not yet been completed, it is reported that the land is much dry(;r 
than for the last two years, indicating that the ' drains though 
-
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Fig. 6- rap of Garland Drainage Experiment. 
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only partially constructed have aided materilly in decreasing the 
quantity of water usually found in the soil. 
The land of this valley is suitable for the use of drain tile 
:and its nearness to the cities of Ogden and Salt Lake, where fac-
tories are located, makes them available at a reasonable cost. 
The surface soil is firm and not easily eroded and the subsoil is 
firm clay but of such a nature that it permits the quite ready per-
colation of water through it, making the conditions of the entire 
valley very favorable for the use of drain tile. This project was 
planned and carried out through the cooperation of the land-
owners without organizing the territory into a drainage district 
as provided for by the State drainage law. It may be noted that 
it is impossible to apply the law to such small areas as the names 
of fifty landowners are required upon a petition for the organiza-
tion of a district before the matter can be brought under the juris-
,diction of the county commissioners. The plan (Fig. 6) shows 
the plan of the drains and the ownership of the land, together with 
other data pertaining to the work. 
Another experiment in the Bear River Valley will be made 
upon the farm of Louis Getz at Point Lookout, in which tile 
drains will be laid by the owner of the land, the cost of the tile 
<lelivered at the nearest railway station to be paid for from the 
joint State and Federal fund. A pla.t of this work is shown in 
.Figure 7. The drains will effect 40 acres of land, a considerable 
p ort ion of which has become too wet for production and upon 
,vhich also the accumulation of alkali intensifi ed the injury. This 
fiel d is fairly typical of a large area lying in the southern part of 
the valley which is now only partially productive on account of 
the excess of both alkali and water. The drain tile for this work 
nave been purchased at a cost of '$330.76, the largest being 8 
-inches and the smallest 4 inches in diameter. The minimum 
grade is 0.1 foot per hundred feet and the maximum 0.3 foot per 
bundred feet. The depth of the drains varies between th e limits 
of 4 feet 7 inches and 3 feet 4 inches. The soil in this valley being 
much heavier than that in the Huntington and St. Georo-e dis-
tricts, can be drained at much less ex pense and with les attend-
ing ri ' k of injury of the drains by subsequent irrigation. As will 
be noticed by referring to the plan, the drains are located with 
special reference to the portions of the field which show most 
injury. T he object of this experiment is to determine the effect 
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of drains' located in this way, upon land which is injured by both 
a.1kali and water, and the owner by subsequent cultivation or 
flooding may ascertain what kind of additional treatment will be 
required to restore the soil to productiveness. It is stated by 
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the Bureau of Soils that no black alkali (sodium carbonate) is 
f(.lU nd in this land, the salts being mainly common salt and the 
sulfates. 
T he cooperative agreements are entered into with farmers 
who are w ell known and have a reputation of being substantial 
and thrifty farmers and who in all cases agree to take care of 
the drains and cultivate their lands in the best possible manner,. 
and improve every means suggested in the removal of alkali 
where such salts are found. 
Measures are being taken by the landowners in the vicinity 
of Point Lookout to organize a drainage district under th e laws 
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of the State. The general level character of the county necessi-
tates the construction of general outlet ditches before many 
farms now showing injury can be drained. The district is 
called the Rawlins Drainage District, and comprises all that land 
west of Salt Creek and under the West Side Canal in Box Elder 
County, aggregating 8,000 acres. This is the first attempt in the 
State to organize under the present drainage law. Mr. Brown, 
upon request, has made the preliminary surveys and will during 
the winter submit plans for the ditches required. In attempting 
to organize this district it is found that the law is faulty in many 
respects and an attempt will be made to so amend it at the 
session of the coming legislature that it will be adequate to the 
needs of the owners of areas where cooperative drainage is re-
quired. Such defects as have been brought out in effecting this 
organization have been recorded, and information collected 
regarding the laws used in other States, for the purpose of mate-
rially assisting those who will have charge of introducing an 
amendment to the law in the legislature. 
WEBER COUNTY. 
The land in the vicinity of Roy, Weber County, when exam-
ined, was found to need drainage, there being several farms in 
which tule swamps are found and fields which have but recently 
ceased to produce well because of seepage and alkali. The sur-
face of the land lies in a series of narrow benches having a dif-
ference of elevation of between 6 feet .and 10 feet . Seepage 
water appears at the foot of the benches, gradually extends 
down the slope, bringing an accumulation of alkali sufficient to 
prevent the growth of field crops and trees. Efforts have been 
made by a few of the farmers to arrest the encroachments of the 
alkali spots but they have failed, or at the best have been only 
partially successful. The soil in most places is underlaid by a 
stratum of sand which is favorable for the carrying of water 
into the lower levels. Arrangements have been made with Mr. 
J. H. Hobson, owning land about two miles from Roy, a station 
on the Oregon Short Line Railroad, to drain a field a portion of 
which is planted to young fruit trees. Figure 8 shows the 
proposed arrangement of tile drains which will effect approxi-
mately 40 acres. It is planned to lay the tile in the upper part of 
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the sand stratum which underlies the soil, for the purpose of util-
izing the sand layer in completing the drainage. T o obviate 
difficulties which may arise from the soft nature of the sand. it 
is planned to lay the tiles upon a board 6 inches wide and 1 inch 
thick which is to be placed in the bottom of the trench after it 
has been well graded. As in other experiments, the Owner agrees 
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to perform all of the labor connected with the construction of the 
d rains in accordance with the plans made by Mr. Brown and 
under his supervision, the tile to be furnished from the Sta te 
and Federal fund, the cost of which is estimated at $100. As in 
other cases, the owner agrees to subsequently cultivate all land 
in a workmanlike manner and to permit observations and further 
experiments if desired by the State and Federal service. This 
work will probably be completed before winter so that during the 
coming season results may be obtained and reported. The land 
ill this vicinity is valued at $150 per acre when in good con dition. 
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As elsewhere, there is a lack of adequate outlet ditches which 
must be constructed before any extended system of drainage can 
be undertaken. 
SEVIER COUNTY. 
An examination of the lands in Sevier County shows that in 
no other county of the State is the subject of drainage more im-
portant. It is estimated that from 25 to 50 per cent of the land 
under irrigation 'is greatly injured or has been abandoned, sug-
gesting that prompt measures should be taken for the reclama-
tion of these lands. Owing to the gravity of the situation, ar-
rangements have been completed and plans made for the instal-
lation of drainage work on the farms of William Ogden and W il-
ham Gardener near Richfield. The plans call for 7,000 feet of 
drain tile, which will cost $562. The land-owners agree as in 
other cases to perform all' of the work required in making the 
drains. It is found that the farmers are more willing to contrib-
ute the labor required than the tile, for which a direct cash out-
1ay is required, and the Department can furnish the latter much 
more satisfactory than the former. This drainage work will be 
begun the presenf fall but cannot be completed until next spring. 
During the two years in which drainage operations have 
been carried on in this State under the provision of the act of the 
legislature appropriationg money for that purpose, experimental 
work has been done in six counties, in all cases in cooperation 
with the owners of land upon which work was performed and 
with an agreement giving the State Station and the Department 
control of the drains for three years following construction. 
Such methods of drainage have been used as seemed to promise 
results of practical value and which, if found successful, would 
be within the means of the farmers in the several localities. The 
fact is recognized that the work is experimental as far as the 
particular locality is concerned. . The difficulties encountered and 
the details and minutia of operations are not fully Sct forth in 
this report. Each field experiment has a more particular value 
to the locality contiguous to it than to any oth er. As may be 
inferred from the condition described in this report, the methods 
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used in Cache County will not apply to or be of particular inter-
est to farmers in Washington County. 
Mr. C. F. Brown, drainage engineer of the office of Experi-
ment Stations, to whom the field management has been entrusted,. 
has in addition to planning and supervising the field work herein 
described, made surveY3 for and given advice to farmers upon 
their application, as far as his time would permit, upon drainage 
work which they are desirous of doing upon their own account. 
The revision of the State law is now engaging the attention of 
a few of the land owners who are finding cooperation necessary 
to secure and maintain drainage outlets. The· entire development 
of the country has heretofore been made with reference to the 
needs and practice of irrigation, upon the theory that no provision 
for removing drainage water need be made. Continuous plains 
an .. more favorable for irrigating than a surface broken by de-
pressions which may be used for drainq.ge purposes. When drain-
age is found necessary the main chan~els required for outlets 
are usually wanting or so far distant from the land to be drained 
that additional ditches must be made by artificial methods. Such 
. work requires the cooperation of the landowners to be benefited 
and a distribution of the expense, which cannot satisfactorily be 
made except under the regulations imposed by a State drainage 
law. 
Some amendments to the law, approved March 17, 1905 y 
are here suggested with a view of making it more effective and 
better adapted to the needs of those who find it necessary to 
construct cooperative drainage works. 
1. The petition presented to the board of county com-
missioners should describe the territory for whic~ drainage 
is desired, the character of the work required, and should be 
igned by the owners of the major part of the land instead 
of by 50, as the law now requires. 
2. The county board should have authority to dismiss 
th e petition at the cost of the signers of the petition, or es-
tabli h t he district without causing a vote to be taken by the 
property holders. When declared established, the commis-
sioners should have power to order an election for choosing 
three directors who shall subsequently administer the affairs 
of the district. 
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3. T he board of directors should cause a plan of drain-
age to be prepared with an estimate of the cost of the pro-
posed work, which before being adopted by the board, 
should be submitted to the State Engineer for approval or 
revision, which when finally adopted shall be carried out by 
the board of directors. 
4. Assessments to provide funds for the prosecution 
of the work shall be made by the board of directors, as a 
special assessment, based upon the benefit which will accrue 
to each landowner within the district, as specified in the 
present law. 
It is though.t that if the above suggestions are incorporated 
in amendments to the present law, it will enable landowners to 
form districts of any desired size and prosecute the work eco-
nomically and efficiently, provided of course that the law in its 
p resent form is constitutional: 
Conclusions regarding the ex perimental drainage work, espe-
cially that of 1906, can not be drawn at the writing of this report. 
Some of the construction work started will not be completed 
1.J 1J til the coming spring nor will the results of any of the work of 
1906 appear until the following season. The inauguration of 
these experiments upon the farms in so many different represent-
ative parts of the State where drainage is needed has already en-
couraged farmers to begin operations on their own account. It 
seems clear that this problem must be attacked in a more ener-
getic manner than has heretofore been thought necessary. Means 
mnst be devised for opening and maintaining outlet ditches to 
wet lands, which will entail a certain expense and inconvenience 
in the management of farms. The installation of drains will also 
require a modification in the methods of farming in some respects, 
especially in the application of water. 
It is recommended that the experiments so far made be rriade 
the subject of a future report in which the practical results may 
be fu lly described and become available to the farmers of the 
State, and that provision be made for conducting similar work in 
other sections of the same counties and in other counties of the 
State. 
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